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Ch. VIII. Of the Manner > &c. 97 

CHAP. vni. 

Of the Manner wherein Light is 

reflected. 

TH E RefraBion of Light has been con- 
iidered, and explained : its Reflection is 
now to' t be inquired 'vato(a). And firft for 
the Manner wherein it is performed. i 

# 

When a Ray of Light falls upon a Body not 
tranfparent, Part or all of it is refieEled ; if any 
enters, it is fuffocated and loft within the 
Body : When it falls upon a tranfparent 
Body, Tart of it is rejtefted, and Part enters ; 
of what enters fome is alfo fuffocated and 
loft in the Body; the reft, when it arrives 
at the other Side, fome of it is refle&ed there, 
the Remainder going out and leaving the Body, 
tmlefs its Inclination to that Side exceeds a cer- 
tain Degree ; which if it does, it is all reflected 
there. And the Power whereby a Ray is re- 
flected at this other Side of a Body (which for 
Diftin&ion fake I fhall hereafter call thefecond 
Surface) is ftronger than that by which it 
would be refledted by the lame Surface, were 
it about to enter the Body there with an equal 
Degree of Obliquity, 

(a) The Subjed of this Inquiry is diftinguiflied from that of 
die former, by the Name of Catoptrics, as tending to explain 
the Manner in which Objefts appear, when feen by refleQed Light. 

G The 



98 Of the Matifcer wherein Part III. 

The Degree of Inclination neceflary tor caufc 
a total Rejleftion of a Ray at the fecond Sur- 
face of a Medium, is that which requires that 
the refradted Angle (was the Ray fuppofed to 
pafs out there) fhould be equal to, or greater 
than a right one * and cortfequently it depends 
on the refradlive Power df the Medium through 
which the Ray paffes ; atkl is therefof e diffe- 
rent in different Media, When a Ray pat 
fes through Glafs furrounded with Air, and 
is inclined to its fecorkl Surface under an 
Angle of 42 Degrees or more i it will be 
wholly feftiSled there (b). For as 11 is to 17, 

(I) From hence it follows, that when a Ray of Light arrives 
at the fecond Surface of a trahfparent Subftance with as great of 
greater Degree of Obliquity, than that which is neeeflary to 
make a total Reflection, it will there be all returned back to the 
firft ; and if it proceeds towards that with as great an Obliquity 
as it did towards the other (which it will do if the Surfaces of 
the Medium be parallel to each other) it will there be all reflected 
again, &c. and will therefore never get out, but pafs from Side 
to Side, till it be wholly fuffocatcd and loft within the Body, 

From hence may arife an obvious Inquiry, how it conies to 
pais that Light, railing very obliquely upon a Glafs- Window 
from without, jfhould be tranfntitted into the Room ? In Anfwer 
to this, it muft be coniidered, that however obliquely a Ray 
fells upon the firft Surface of any Mediqm whofe Sides are parallel 
(as thofe of the Glafs in a Window are) it will fnffer fuch a Degree 
of Refradlion in entering there, that it {hall fall upon the fecond 
with a lefs Obliquity than that which is neceffary to caufe a 
total Reflection. For Infiance let the Medium be Glafs, as fup- 
pofed in the prefent Cafe, then as 1 7 is to n (the Ratio of Re- 
fraction out of Air into Glafs) (b is the Sine of the largeft 
Angle of Incidence with which a Ray can fall upon any Surface, 
to the Sine of a kfs Angle than that of total Reflection. And 
therefore, if the Sides oi a Glafs be parallel, the Obliquity, with 
which a Ray falls upon the firft Surf ice, cannot be fo great, but 
that it (hall pafs the fecond without fuffcring a total Reflection there. 

(the 
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(the Ratio of Refra&ion out of Glafs into Air) 
fo is the Sine of aij Aqgje of 42 Degrees to a 
fourth Number, that will exceed the Sine of a 

fight Angle. . " " _ 

When JJght pafos out of a denfer into a 
rarer Medium, the nearer the fecond Medium 
approaches the firft in Denfity (or more pro*- 
perly in its refra&ive Power) the lefs pf it 
will be refledted in palling from one to the 
other: and wheji their refra&ing Powers arc 
equal, all of it will pafs into the fecond ikfr- 
dium. 

Whether Light be reflected from the firft 

or fecond Surface of a Body, thp Law it ob-. 

ferves is this, viz. That the Angle of Reflection 

of each Ray fhall be equal to the Jingle of In* 

cidence of the fame. 

By the Angle of Reflection is meant the 
Angle, comprehended between a Perpendicular 
to the Surface at the Point where the Refledtioa 
is made, and the reflected Ray, 

Thefe are all the Circumftances attending the 
Reflection of Light necefiary to be taken No^ 
tice of at prefent : There are others, but they 
refpeft the DoStrine of Light and Colours 
pot yet explained $ we fhall therefore pafs them 
by till we treat of that Subject, and in the mean 
Time proceed to confider the Reflexion of 
JJght From plain and fpher;caj Surfaces, 

% Chap, 
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I oo Of the Reflexion of Light from 

CHAP. IX. 

Of the Refle&ion of Light; from plain 
and r fpherical Surfaces* 

IT was obfervcd in the foregoing Chapter, 
that the Law of Reflection is fuch, that 
the Angle of Reflection of each Ray (hall 
be equal to the Angle of Incidence of the 
fame. From whence the feven following Pro* 
pofitions relating to the Reflection of Light 
from plain and fpherical Surfaces may be de- 
duced. 

L Rays of Light reflected from a plain Sur» 
face have the fame Degree of Inclination to 
each other that their refpeCtive incident ones 
have. 

For the Angle of Reflection of each Ray 
being equal to that of its refpeCtive incident 
one, it is evident that each reflected Ray will 
have the fciiifc Degree of Inclination to that 
Portion of the Surface from whence it is re*- 
fleCted, that its incident one hasj but it is 
here fuppofed that ajl thofc Portions of Surface 
from whence the Rays are reflected are fix- 
ated in the fame Plain ; copfequently the re- 
flected Rays will have the fame Degree of 
Inclination to each other that their incident 
ones have, from whatever Part of the Surface 
$hey are reflected. 

See 
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See this and the following Proportions ex- 
frejfkd more determinate^ and dernonfi rated in 
the Note below (a). 

II. Parallel Rays, rcfle&ed from a concave 
Surface, are render'd converging, 

H To 

(a) PrOpofition I. 
Oftbi RefieSion of Rays from a plain Surface* 

When Rays fall upon a plain Surface, if they diverge, the 
Focus of the refleded Rays iviU be at .the fame Di fiance behind 
the Surface, that the Radiant Point is before it : if they c nverge, 
it will be at the fame Di fiance before the Surface, that the 
imaginary Focus of the incident Rays is behind it. 

This Proportion admits of two Cafes. 

Cafe I. Of diverging Rays. 

Dm. LctAB, AC (Fig. 45.} be two diverging Rays inci- 
dent in the plain Surface DE, the one perpendicularly, the 
other obliquely ; the perpendicular one AB will be renecled to 
A proceeding as from fome Point in the Line AB produced ; 
the oblique one AC will be reflected into fome Line as CF fuch, 
that the Point G, where the Line FC produced inter/eels the* 
Line AB produced alfo, • mall be at an equal Diftance from 
the Surface DE.with the Radiant A. For the Perpendicular 
CH being drawn, ACH and HCF will be the Angles of Inci- 
dence and Reflexion, which being equal, their Complements 
ACB and FCE are fo too : but the Angle BCG is equal to FCE 
»t being vertical to it ; therefore in the Triangles ABC and GBC 
the Angles at C are equal, the Side BC is common, and the 
Angles at B are alio equal to each other, as being right ones ; 
therefore the Lines AB and BG, which refpeel the equal Angles 
at C, are alfo equal, and confequently the Point G, the Focus of 
the incident Rays AB, AC, is at the fame Dillance behind the 
Surface* that the Point A is before it Q^ E. D. 

Cafe II. Of converging Rays. 

This is the Converfe of the former Cafe, For fuppofing FC 
and AB to be two converging incident Rays, CA and BA will 
he the reflected ones (the Angles of Incidence in the former 
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To illuftrate this, let AF, CD a EB, (Fig* 
43.) reprefent three parallel Rays faffing upon 
the concave Surface FB, whofe Center is CL ' 
To the Points F and B draw the Lines CF, 
CB 5 thefe i)eing drawn from the Center will 

be 

Cafe being now the . Angles of Reflection, and vice verjaj 
having the Faint A for their Focus ; but tbi& ff om whjat was de- 
mohftrated above, is at an- equal Diftance from the reflecting 
Sux&ce with the Point G, which in this Cfcfe is. the imaginary 
Focus of the incident Rays, FC, and AB. 1 

Obfervat. I. 2/ is not here,, as in the RefraHion of Rays in 
faffing through a plain Surface, where Jime of the refraded Rays 
proceed as from one Point, and fame as front another (SeeObftrvat. 
I. Chap. 3. in the Notes) hut they all proceed after Reflection 
as from one and the fame Point, however obliquely they may- 
fall upon, the Surface ; for what is here, demonfirated of the Ray 
AC holds equally of any other, as AI, AK, &fr . . < 
. The Caie or parallel Rays incident on a plain .Surface, is. in- 
cluded in this Proportion ; for in that Cafe we are to fuppofe 
the Radiant to be at an infinite Diftance from the Surface, an'd 
then by the Propofition, the Focus of the reflected Rays w& Cf 
fo too ; that is, the Rays will he parallel after Reflection, as they 
were before. 

Propofition II. 

Of the Reflection, of parallel Rays from a fyherical Surface. . 

When parallel Rays are incident upon a Jpberical Surf ate, the 
Focus of the refieSed. Rays will be the middle Point between, the. 
Center of Convexity and the Surface. 

This Propofition admits of two Cafes. * '* 

...... 

Cafe I. Of parallel Retys falling upon a convex Surface. j 

Dem. Let AB, DH, (Fig. 46 ) reprefent two parallel -Rays 
incident on the convex Surface BH, the one perpendicularly, the 
other obliquely ; and let C be the Center of Convexity ; fup- 
pofe HE to be the reflected Ray of the oblique Incident one 
£)H proceeding as from F a Pont in the Line AB produced. 
Through the Point H draw the Line CI, which witf be 
.perpendicular to the Surface at that Point, and the Angles D>Hf 
and IHF, being the Angle* and Incidence and Refleclion, will be equal. 

To 
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r 

f* perpendicular to the Surface at thofe Points. 
Thfc incident Ray CD alfo paffing through 
the Center will be perpendicular to the Sur- 
face, and therefore will return after Refle&ion 
in die fame Line; but the oblique Rays AF 

H 2 and 

To the former of thefe, the Angle HCF is equal, the Lines AC 
and DM being parallel, and to the latter the Angle CHP as being 
vertical; wherefore the Triangle CFH is Ifofceles ; and conse- 
quently the Sides CF and FH are equal; But fuppofing BH to 
<vanijh % FH is equal to F8, and therefore upon this Suppofnion 
PC and FB are equal, that is, the Focus of the reflected Rays is 
the middle Point between the Center of Convexity and the 
Surface. Q^ E. D. 

Cafe II. Of parallel Rays falling upon a concave Surface. 

Dem. Let AB, DH (Fig. 47.} be two parallel Rays incident, 
the one perpendicularly, the other obliquely, on the concave 
Surface BH, whole Center of Concavity is C. let BF and 
HF be the reflected Rays meeting each other in F: 
this will be the middle Point between B and C. For 
•drawing through C the Perpendicular CH, the Angles DHC 
and FHC> being the Angles of Incidence and Refit 8 ion, will 
be equal, to the former of which the Angle HCF it 
equal, as alternate ; and therefore the Triangle CFH is 
Ifofceles. Wherefore CF and FH are equal : but if we fuppofe 
BH to <vanijb> FB and FH are alfo equal, and therefore CF 
is equal to FB ; that is, the focal Diftance of the reflected Rayt 
is the middle Point between the Center and the Surface. Q^ g. L>. 

Obfervat. II. // is here obfervable, that the farther the Line 
. DH 9 either in Figure the 46 or 47, is taken from AB, the nearer 
the Point F falls to the Surface. For the farther the Point H re- 
cedes from B 9 the larger the Triangle CFa will become ; and con* 
fequently fince it is always an Ifofceles one, and the Bafe CH 9 being 
the Radius, is every where of the fame Length, the equal Lege 
CF and FH will lengthen ; but CF cannot grow longer unlefs the 
Point F approach towards the Surface. And the farther H is re- 
mwtdfrom B 9 thefafter F approaches to it. 

This is the Reajon, that whenever parallel Rays are considered, 

as refieSed from a Jpherical Surface, the Oifiance of the oblique one 

from the perpendicular one is taken fa fmall- with reftecl to the 

focal Difiance of that Surface 9 that without any phyfical Jsrror 

it may be fuppofed to vaniilu 
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and EB will- be reflected into the Lines FM 
and BM fituated on the contrary fide their 
refpedive Perpendiculars CF and CB. They 
will therefore proceed converging after Re- 
flexion towards fome Point as M, in the Line 
CD : which Point, by what is demonftrated in 
the Note laft referred to, will be in the Middle 
between C and P. 

Ill, 

From hence it follows, that if a Number if parallel Rays as 
AB, CD, EG, &c . fall upon a convex Surface,, as expreffed Fit 
gwe the 48, and if BA, DK, the rfleSed Rays of the incident 
ones AB, CD, proceed as from the Point F, thofe of the incident 
ones CD, EG, viz. DK, GL, twill proceed as from N, thofe 
of the incident ones EG, HI, as from O, &c. hecaufe the farther 
the incident ones CD, EG &c. are from AB, the nearer to the 
Surface are the Points F 9 f f, in the Line BF, from which they 
proceed after Reflection 5 fo that properly the Foci of the refleSed 
Rays BA, DK, GL, &e. are not in the Line AB produced, hut 
in a cunye Line pajjing through the Points F, N, O, & c . 

The fame is applicable to the Cafe of parallel Rays reflected 
from a concave Surface, as expreffed by the pricked Lines on the 
other half of the Figure, where P^, RS, TV, are the incident 
Rays ; QF Sf, Ff, the reflected r+ m interfering eath other in the 
Points X, T, and F; Jo- that the rod of thofe Rays are not in the 
Line FB, but in a Curve paffing through thofe Points, 

Had the Surface BH in Figure 46, or 47, been formed by the 
Revolution of a Parabola about its Axis having its Focus in 
the Point F, all the Rays reflected from the convex Surface would 
have proceeded as from the Point r, and thofe reflected from the 
cmcave would have fallen upon it, however diflant their incident 
ones AB t DH, might have been fronts each other \ For in the 
Parabola, all Lines drawn parallel to the Axis make Angles 
with the Tangents to the Points where they cut the Parabola (that 
is, with the Surface of the Parabola) equal to thoje which are 
made with the fame Tangents by Lines drawn from thence to the 
Focus. (De VHofyitsXSeclions Coniques. JLw. I. Prop. 5.) 
Therefore* if the incident Rays deferibe thofe parallel Lines, the 
reflc£ied ones will neceflarify deferibe thefe other, and fo will &U. 
proceed as from, or meet its, the fame Point. . 

. Pre- 
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III. Converging Rays falling on the like Sur- 
face are made to converge more. 

For every thing remaining as above, let 
GF, HB, be the incident Rays. Now be- 
cause thefe Rays have larger Angles of Inci- 
dence than the parallel ones AF and EB 
in the foregoing Cafe, their Angles of Re- 
flection will alfo be larger than theirs ; they 
will therefore converge after Refle&ion, fuppofe 
in the Lines FN, and BN, having their Point of 

Con- 

.Propofition III. 

Of the Rffledion of diverging and converging Raytfrom a fyherical 

Surface. 

When Rays fall upon any ffherical Surface, if they diverge, the , 
Diftance of the Focus of the refleBed Rays from the Surface is to the 
Diftance of the Radiant Point from the fame (or, if they converge, 
to that of the imaginary Focus of the incident Rays) as the Di- 
ftance of the Focus of the reflecled Rays from the Center is to the 
Diftance of the Radiant Point (or imaginary Focus of the inci- 
dent Rays) from the fame. 

This Proportion admits of ten Cafes. 

Caje I. Of diverging Rays falling upon a convex Surface. 

Dem. Let RB, RD (Fig. 49) reprefent two diverging Rays 
flowing from the Point R as from a Radiant, and foiling the 
one perpendicularly, the other obliquely, on the convex Surface 
BD, whole Center is C. Let DE be the reflected Ray of (he 
incident one RD, produce ED to F, and through R draw the 
Line RH parallel to FE till it meets CD produced in H. Then 
With the Angle RHD be equal to EDH the Angle of Reflection, 
as being alternate to it, and therefore equal alfo to RDH which 
is the Angle of Incidence; wherefore the Triangle DRH is 
Ifofceks, and consequently DR is equal to RH. Now the Lines 
FD and RH being parallel, the Triangles FDC and RHC are 
fimilar, (or to exprels it in Euclid** Way, the Sides of the Triangle 
RJiC are cut proportionably. 2. Elem. 6.) and there/ore \ ; L> is 

10 
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Concourfe N farther from C than the Point 
M ; that to which the parallel Rays AF and 
EB converged to in the foregoing Cafe : and 
their precife Degree of Convergency as deter- 
mined in the Note, will be greater than that 
wherein they converged before Refleftion. 

IV. Diverging Rays, falling upon the like 
Surface, are after Reflection parallel, diverging, 
or converging. Jf they diverge from the Focus 
of parallel Rays, they then become parallel ; if 

from 

to RH, or its equal RD, as CF to CR ; but JBD vani/hing % FD 
and RD differ not from FB and RB, wherefore FB is to RB alio, 
as CF to CR ; that is, the Diftance of the Focus from the Surface 
is to the Diftance of the Radiant Point from the feme, as the Di- 
ftance of the Focut from the Center is to the Diftance of the Ra- 
diant from thence, Q^ E. D. 

Cafe II. Of converging Rays falling upon a concave Surface. 

Dem. Let KD and CB be the converging incident Rays having 
their imaginary Focus in the Point R, which was the Radiant in 
the foregoing Cafe. Then as RD was in that Cafe reflected into 
DE, KD will in this be refle&ed into DF; for, fincethe Angles 
of Incidence ia both Cafes are equal, as they are.by being vertical, 
the Angles of Reflection will be fo too ; fo that F will be the 
Focus of the reflected Rays : but it was there demonftrated that 
FB is to RB as CF to CR, that is, the Diftance of the Focus 
from the Surface is to the Diftance (in this Cafe) of the imaginary 
Focus of the incident Rays, as the Diftance of the Focus from the 
r Center is to the Diftance of the imaginary Focus of the incident 
Rays from the fame. Q^ E. D. 

Cafe III. Of converging Rays falling upon a convex Surface* and 
tending to a Point iefiveen the Focus of Parallel Rays and the 
Center. 

D$m. Let BD (Fig. 50.) represent a convex Surface whofe 
Center is C, and Focus of parallel Rays is P ; and let AB, KD> 
be two converging Rays incident upon it, and having their ima- 
ginary Focus at R, a Point between P and C Now becaufe KD 

tends 



Ch. IX. plain dWfphefical Surfaces. 1 07 

from a Point nearer to the Surface than that, 
they will diverge, but in a lefs Degree than be- 
fore Reflection ; if from a Point between that and 
the 'Center, they wiH converge after Refledion 
and that to fome Point on the contrary Side 
the Center, but fiiuated farther from it than 
the Point they diverged from : if the incident 
Rays diverge from a Point beyond the Center, 
the reflected ones will : converge to one on 
the other Side of it* but nearer to it than 

- : the 

r ' • . 

tends to a Point between the Foots of parallel Rays and the 
Center, the reflected Ray D£ will diverge from fome Point on 
the other Side the Center,. fiippofe F* as explained above in the 
Text under Prppofition the Vllth. Through draw the Per- 
pendicular CD an^i produce it to H, then will KDH and HDR 
be the Angles of Incidence and Reflection, which being equal,, 
their vertical ones RDC and CDF will be fo too* and therefore, 
the Vertex of the Triangle RDF is biieded by the Line DC ;. 
wherefore (3 $i,'6.}FD and DR, or, BD vaniming, FB an* 
BR are to each other as FC to CR » that is, the Diflance of the 
Focus of the reflected Rays is to that of the imaginary Focus of the 
incident onev asthe Diflance of the former from the Center ift 
to the piftarice of the latter from the "fame. Q^ E. IX 

.Cafe IV. Of diverging Rays falling upon a concave Surface, 
and proceeding ftem « Pint ietmutcn the Focus cf parallel Rays and 
the C*xter A \. 

Dem. Let RB, RD, be the diverging Rays incident upon the 
concave Surface BD, haying their Radiant in the Point R, the 
imaginary Focus of the incident Rays in the foregoing Cafe, 
Then as KD was in that Cafe reflected into D£, RO will now 
be reflected into DF. But it was there demonftrated that FB ancfc 
RB are to each other as CF to CR ; that is, the Diflance of 
the Focus h to that of the Radiant, as the Diflance of the former 
from the Center is to the Diftance of the latter from the fame. 
Q^ E. D. * 

The Angles ttf Incidence andRefledlon being equal, it is evident, 
that if be+**y G*fe the reflected fag be made tbt incident one, 

tin 
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the Point they diverged from ; and if thejr 
diverge from the Center, they will be reflected 
thither again. 

i . Let them diverge in the Lines MF, MB, 
proceeding from M the Focus of parallel 
Rays ; then as the parallel Rays AF and EB 
were reflected into the Lines FM and BM 
(Propofit 2.) thefe Rays will now on the con- 
trary be reflected into them. 

2. Let them diverge from N a Point nearer 
to the Surface than the Focus of parallel Rays, 
they will then be reflected into the diverging 

Lines 

the incident will become the refleBed one: and therefore the four 
following Cafes may be confidered reftedlwely as the Cowverfe of the 
four foregoing \ for in each of them the incident Rays are fuppofed 
to coincide with the reflected ones in the other. Or they may be de- 
monft rated independently of them as Jb/foivs. 

Cafe V. Of converging Rays falling upon a convex Surface, 
and tending to a Point nearer the Surface than the Focus of parallel 
Rays. * 

Denu Let ED, RB (Fig. 49.) be the converging Rays inci- 
dent upon the convex Surface BO whofe Center is C, and Focus of 
parallel Rays is at P ; and let the imaginary Focus of the incident 
Kays be at F, a Point between P and B, and let DR be the re- 
flected Ray. From C and R draw the Lines CH, RH, the one 
paffing through D, the other parallel to FE. Then will the 
Angle RHD be equal to HDE the Angle of Incidence, as alter- 
note to it, and therefore equal to HDR, the Angle of Reflection ; 
wherefore the Triangle HDR is Ifofceles, and confequendy DR 
is equal to RH. Now the Lines FD and RH being parallel, 
the Triangles FDCand RHC are fimilar, and therefore RH, or 
RD, is to FD as CR to CF $ but BD vanifhing, RD and Ft) 
coincide with RB and FB, wherefore RB is to FB as CR to CF ; 
that is, the Diftance of the Focus from the Surface is to the 
Distance of the imaginary Focus of the incident Rays, as the Di- 
ftance of the Focus from the Center is to the Diftance of the ima* 
ginary Focus of the incident Rays from the fame, Q^ E. D. 

Cafe 
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Lines FG and BH which the incident Rays 
GF and HB defcribed, that were fhewn to be 
refle&ed into them in the foregoing Propo- 
sition : but the Degree wherein they diverge, 
as demonftrated in the Note, will be left 
than that wherein they diverged before Re~ 
fie&ion. 

. 3. Let them proceed diverging from X a 
Point between the Focus of parallel Rays 
and the Center, they then make lefs Angles 
of Incidence than the Rays MF and MB 
which became parallel by Reflection, they will 
confequently have lefs Angles of Refle&ion, 
and proceed therefore converging towards fome 
Point as ' Y ; which Point will always fall on 
the contrary Bide the Center, becaufe a re- 

I fletted 

Cafe VI. Of 'diverging Ray {falling upon a concave Surface, flnf 
proceeding from a Pointy vetvpein the Focus of parallel Rays and th* 
Bvrface. , T . 

Ptm. £et FP and FB reprefent two diverging Rays flowing 
from the Point F as a. Radiant, which was the imaginary Focus 
of the incident Rays in t^eforegoing Cafe. Then as £D was ;a 
ftat Cafe reflected into DR, FD will be,refleaed into DK, (for 
the Reafrn mention'd in Cafe the fecund) fo that the reflected 
Ray will proceed as from the Point R : but it was demonftrated 
jp tlje Cafe immediately before-going, that RB is to FB air CR to 
CF ; that is, the Diflance pf the Focus from the Surface is to that 
of tip Radiant from the fame, as the Diitance of the former from 
the Center is to that of the.latter from the fame. Q^E. D. 

Cafe VII. Of converging Rays falling upon a cqqvcx Surface, 
and tending towards a Point beyond the Center* 

Pern. Let AB, ED, (Fig. 90.) be the incident Rnys tending 
to F, a Point beyond the Center C, and let DK be the reflected 
{Lay of rfye incident one £D. Then becaufe the incident Rav 

Ef> 
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defied Ray always falls on die contrary Side 
the Perpendicular with reaped to that on which 
its incident one falls ^ and, as demon ftrated m 
the Note, it will, be farther diftant from thf 
Center than X. 

. 4. If the incident ones .diverge fcota Y,they 
will after Reflection converge to X, thofe Which 
were the incident Rays in the former Caft being 
the reflected ones in this. 

And laftiy, if the incident Rays proceed 
from the Center, they fall in ' with thetf 
refpeftive Perpendiculars, and for that Reafon 
are reflected thither again. 

V. Parallel Rays refle&ed from a convex 
Surface are rendered diverging. 

To (hew this,, letAB, GD, EF, (Fig. 44,} 
be three parallel Rays falling upon the convex 

Sur- 

ED tends to a Point beyond (he Center, the refle&cd Ray DJ£ 
will proceed as from one on the contrary Side, fuppofe R ; as ex* 

Slaioed in the Text under Piopofition the Vllth. Through D 
raw the Perpendicular CD and produce it to H. Then will 
EDH and HDK be the Angles of Incidence and Reflection, 
which being equal, rheir vertical ones CDF and CDR will be (b 
too : confeauentry the Vertex <& the Triangle FDR is bifefted by 
the Line CD : wherefore (3 Elem.6.) RD is to DF or BD va- 
nifhing. RB is toBF as R£ to CF; that is, the Diftance of the 
Focus fifihe reflected Rays is to that of the imaginary Focus of 
the incident Rays, as the Diftance of the former from the Cen? 
ter is to the Diftance of the latter from the fame. Q. £. D. 

Cafe VIII. Of diverging Rays falling upon a concave Surface, 
find proceeding from a Point beyond the Center. , 

- Dent. Let FB, FD, be the incident Rays having their Radiant 
ip F, the imaginary Focus of the incident Rays in the foregoing 
Cafe. Then as ED was in that Cafe reflected into DK, FD 
Will now be reflcfted imp DR j fo that R will be the Focus of the 



t 
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Surface BF whofe Center of Convexity is C, 
and let one of them, viz. GD, be perpendi- 
cular to the Surface ; through B, D, and F, 
die Points of Reflection, draw the Lines CV, 
CG, and CT, which becaufe they pais through 
the Center will be perpendicular to the Sur- 
face at thofe Points. The incident Ray GD 
being perpendicular to the Surface will re- 
turn after Refle&ion in the fame Line, but 
the oblique ones AB and EF in die Lines 
BK and FL titrated on the contrary Side 
their refpedtivc Perpendiculars BV and FT* 
They will therefore diverge after Reflation 
as from fome Point M in the Line GD 
produced; which Point, as demon ft rated in 
the Note, will be in the middle between D 
andC. 

la VI. 



reflected Rays. Bat it was demonftrated in the foregoing Cafe, 
that RB is to FB as RC to CF s chat is, the Diltance of the Focus 
©f the reflected Rays from the Saiface is to the Diflance of 
the Radiant from the fame* as the Diltance of the Focus' 
ef the reflected Rays from the Center is to the Diltance of 
the Radiant from thence. Q^ £. D. 

The two remamiagCafes may be confidered,as the Conmfe of 
thofe under Proportion the fecond of this Note, becaufe the inci- . 
dent Rays in thefe are the reflected ones in them ; or they may be , 
4emonfkrate<iin the fame Manner with the foregoing, as follows. 

Cafe IX. Converging Ray* falling upon a conroex Surface \and tending 
to the Focus of parallel Rays, become parallel after Reflection * 

Dem. Let ED, RB, (Fig. 49.) reprefent two converging Rays 
incident on the convex Surface BD, and tending towards F, which 
we will now fuppofe to be the Focus of parallel Rays ; and let DR 
be the reflected Ray, and C the Center of Convexity of ths 
reflecting Surface. Through C draw the Line CD, and produce 

i is 
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VI. Diverging Rays refle&cd from the like 
Surface are rendered more diverging. 

For, every thing remaining as . above, let 
pB f GF, be the incident Rays. Thefe having 
larger Angles of Incidence than the parallel 
ones AB and EF in the preceding Cafe, 
their Angles of Reflection will alfo be larger 
than theirs ; they .will therefore diverge after 
Reflection, fuppofe.in the Lines BPandFQ, 
as from fome Point N farther from C than 
the Point M ; and the Degree wherein they 
will diverge, as determined in the Note, 
will exceed that wherein they diverged before 
Rcfk&ion. 

VII; 

it to H, drawing RH parallel to ED produced to F. Now it ha* 
been-demonftrated (Cafe 5.) where the incident Rays are fuppofed 
to tend to t!»e Point F, that RB is to FB as RC to CF ; but F 
in this Cafe being fuppofed to be the Focus of parallel Rayr , it is 
the middle Point between C and B (by Proportion 2d) and 
therefore FB and FC are equal, and confequentJy the two other. 
Terms in the Proportion, 1^%. RB and RC, mutt be fo too ; which, 
can only be upon a Suppofition that R is at an infinite Diftance 
from B * that is, that the reflected Rays BR and DR be parallel., 
Q^ E, D. 

Caji X. Diverging Rays falling vpon a concave Surface, and 
proceeding from the Focus (f parallel Rays f become par a/It I after 
RefleQhn. 

Dem. Let RD,- RB (Fig. 50 jbe two diverging Rays incident 
upon the concave Surface B£>, as fuppofed in Cafe the fourth : 
where it was demon rt rated that FB is to RB as CF to CR. But 
in the prefent Cafe RH and CR are equal, becaufe R is- fuppofed 
to be the Focus of parallel Rays ; therefore FB and FC are fo 
too. Which cannot be unlefs F be taken at an infinite Diftance 
from B ; that is, unlefs the reflected Rays BF and t)F. be 
paallcl. d £. D. 

Obfervat.* 
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VIL Converging Rays refle&ed from the 
like Surface, are parallel, converging or di- 
verging. If they tend towards the Focus of 
parallel Rays, they then become parallel; if 
to a Point nearer the Surface than that, the/ 
converge, but in a lefs Degree than before Re- 
flection ; if to a Point between that and the 
Center, they fliall diverge after Reflection, as 
from fbme Point on the contrary Side the Cen- 
ter, but fituated farther from it than the Point 
they converged to; if the incident Rays con- 
verge to a Point beyond the Center, - the re- 
flected ones will diverge as from one on the 
contrary Side of it, but nearer to it than the 
Point the incident ones converged to: and 
if the incident Rays converge towards the 
Center, the refle<5ted ones will proceed a& from 
thence. 

i. Let 



Obferval 3. // is here obfervabte, that in the Cafe of diverging 
Kays falling upon a convex Surface (fee Fig. 49. ) the farther the 
Point D is taken from B 9 the nearer the Point Ft the Focus of 
the reflected Rays, approaches to B, while the Radiant R remains 
the fame. For it is evident from the Curvature of a Circle that 
the Point D (See Fig. 5 1 .) may be taken fo far from *B, that the 
refieBed Ray DEfball proceed as from F, G, H 9 or even from B, or 
from any Point between B and R 9 and the farther it is taken from 
B % the fafter the Point, from which it proceeds, approaches towards 
R : as will eafily appear \f we draw fcveral incident Rays with 
their refpeftive reflecled ones, in fuch Alaw/er that the Angles ef 
Reflection may he all equal to their xefpeBive Angles of Incidence* 
ms is done in the Figure* The like is applicable to any of the other 

Cafes 
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j. Lee them converge in the Liocs KB and 
LF coding towards M the Fecur of parallel 
Rays ; then as the parallel Rays AB, EF were 
reflected into the Lines BK and FL (Pr*-* 
fofit. 5.) thofe Rays will sow on the contrary- 
be reflected into them. ' 

3. Let them converge in the Lines RB, QF, 
tending towards N a Point nearer the Surface 
than the Focus of parallel Rays, they will then 
be reflected into the converging Lines BG 
and FG, in which the Rays GB t GF, pro- 
ceeded that were (hewn to be reflected into 

them 



Cafes of .diverging or converging Rays incident up§n afyberkat 
Surface, This is the Reafon that, when Rays are confidered as 
refleded from ajpherical surface, the Difiance of the oblique Rays 
from the perpendicular we is taken fi fmall, that it may befuffojkd 
to vanifh. 

From hence it follows* that if a Number of diverging' Rays art 
incident upon the convex Surface BD at the feveral Points B, D, D f 
&c. theyfball not proceed after Reflection as from any one Point in 
the Lin+ RB produced, hut as from a curve Line pajjing through 
ihefeveral Points F t f,f, &C. The fame is applicable in all the 
ether Cafes. 

Had the Curvature BD (Fig. 49. J been Hyperbolical having 
ks Foci in R and F t then R being the Radiant (or the imaginary 
Focus of incident Rays) Fvjouid have been the Focus oftherefie&ed 
ones, and vice versa, however difiant the Points B and D might 
he taken from each other. In like Manner had the Curve BD 
(Fig. co.) been Elliptical having its Foci in F and R, the one of 
thefe being made the Radiant (or imaginary Focus of incident 
Rays) the other would have been the Focus of the reflected ones, 
and vice vena. For both in the Hyperbola uni Ellipfis, Lines 
drawn from each of their Foci through any Point make equal Anglis 
with the Tangent to that Point ; ( De L'Hofpital Sections Co* 
njquer, Liv. II, Prop. 8. & Li v. III. Prop. 11 .) Therefore, if 
the incident Rays proceed to or from one of their Foci, the refleHed 

one* 
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them in the Pibpofabn immediately foregoing : 
but the Degree wherein they wilt converge) as 
demonftrated in the Note, will be kfs than 
tint wherein they converged before Reflection. 
3. Let them converge in the Lines RB and 
SF proceeding towards X, a Point between 
the F$cut of parallel Rays and the Center; 
their Angles of Incidence will then be lefc 
than thofe of the Rays KB and LF which 
became parallel after Reflection, their Angles 

of 



ones n»itt all proceed, as from or to the otbet. So that in order that 
diverging or converging Rays may be accurately reflected to orfrofn 
a Point, the t'JtecTtng Surface mufi he formed by the devolution of 
an Hyperbola about its longer Axis, when the incident Rays ate 
fucb that their Radiant, or imaginary Focus if incident Rays,Jbdtt 
fall on one Side the Surface, and the Focus of the refitQed ones 
on the other : When they are both to fall on the fame Side, it mM 
he formed by- the Revolution of an Ellipfis about rtt longer Axis. 
However upon Account of the great Facility with which fpberical 
Surfaces are formed in Comparifon of that with which Surfaces* 
formed by the Revolution of any of the Conic Sections about their 
Axes, are made, the latter are very rarely ufed. Add to this 
another Inconvenience, vise. that, the Foci of thefe Curves being 
Mathematical Points, it is but one Point of the Surface of an Ob- 
yeS that can be placed In any of them at a Time, fo that it is only 
in Theory thai Surfaces formed by the Revolution of thefe Curves 
about their Axes render Rtfleclion perfeS* 

Now becaufe the focal Diftance of Rays refle&edfrom a fphe- 
rical Surface cannot be found by the Analogy laid down in the third 
fropofition of this Note, without making ufe of the Quantity 
fought ; I fhall here give an Inftance whereby the Method of 
doing it in all others will readily appear. 

Prob. Let it be required to find the focal Diftance of diverging 
Jtays incident upon a convex Surface, whofc Radius of Convexity 



I f 6 Of the Refledion of Light /rafc 

of Refle&ioii will therefore be lefs, on which 
Account they muft neoeflarily diverge, fuppofe 
in the Lines JBH and FI, from fome Point as 
.Y; which Point for the Reafon given uader 
Propofition the fourth will fall, on the contrary 
Side the Center with refpedt tp X, and, as de- 
monftrated in the Note; will be farther from 
it than that. .. 1 

4. If the incident Rays tend towards Y, the- 
reflected ones will diverge as from X, thpfe, 

which 



is 5 Parts, and the Djftance of the Radiant from the Surfaqe 
?s 20, 

$oL Call the focal Piflance fought.*, then will the Diftance 
of t^c Focus from, the Center be 5— %*•, and that of the Radiant 
from the fame 25 ; therefore by Propofition the third, we have 
lie following Proportion, <w«.' x: 20 :: 5-' - > ■ K : 25, and, 
^multiplying Extreams together and Means together, we have 
25 x, = 100 — 20 x f which after due Reduction gives x. 

-as: l0 ° 
. r ~^ 45* . ♦ • 

If in any Cafe it fhpuld happen, that the Value of x fhould he 
* negative Quantity, the focal Point qiuft then be taken on the 
.contrary Side the Surface to that on which it was fuppofed that 
it would fal) in dating the problem. • • 

If Letter* inftead of Figures, had been made life of in the 
forego}ng Solution a general Theorem might have been raifecj, 
to h^e determined the focal biftanee of reflected I^avs in all 
Cafes whatever. See this done by Z)r. Brown in hi* Supplement 
to Gregory's Optics, pag. it 2; fedit. Second. 

Becaufe it was obferved (Chap. III. in the Notes) that diffe- 
rent incident Rays, though tending to or from one Point, would af- 
ter RefraSiion proceed po or from different Points, a Method was 
there inferted of determining the difiinSt Point, which each fepa- 
rate Ray entring a ipherical Surface converges to or diverges from 
after RefraSiion : the faine hfs been obferved here with regard Jo 
jRays reflected from a fpherical Surface, (See Obfetvat. %-^S '3.^ 

but 
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which were the incident ones in one Cafe, 
being the reflected ones in the other. 

And laftly, if the incident Rays converge" 
towards the Center, they fall in with their 
refpeflive Perpendiculars j on which Ac- 
count they proceed after Refleclion, as from 
thence. 



buttle Method of determining the iifiinR Point, td or from which 
thy given incident Ray proceeds after Rtflt&nx, is much more 
fimple. It is only neceflary to draw the reflected Ray fuch, that 
the Angle of Reflection may be equal to the Angle ot Incidence^ 
which will determine the Point it proceeds to or trom in any C»f« 
Muercr. 



& Chap. 



1 1 8 Of the Appearance of Bodies, 8fa 

Chap. X 

t 
» » / * 

Of the Appearance of Bodies feen hy 
Light rejle&ed from plain t and ffihe- 
r teal Surfaces. 

TT N the Beginning of the feventh Chapter, in 
J[ which was explained the Appearance of 
Bodies feen through refracting Subftances of 
various Forms, we laid dotirn fohie Obferva-, 
tions refpedting the apparent Situation of Bodies 
feen by refraSted Light : all which equally 
refpedl the apparent Situation of Bodies feen by 
Refie&ion*, to them therefore we, refer the 
Reader. But befides thofe, there is one pecu- 
liar to the Subjedt of this Chapter, m. That 
each Point in the Reprefentation of an Objeft 
made by RefeBion appears fituated fomewbere 
in an infinite right Line that pajfes through its 
correspondent Point in the 6bje£t y and is per- 
pendicular to the rqfieBing Surface. 

The Truth of this a&M&te Efficiently from 
the feveral Propofidons lai<| down in the fore- 
going Chapter, in each of which Rays flowing 
from arty Radiant are (hewn to proceed af- 
ter Reflection to or from fome Point in a 
Line that pafles through the faid Radiant, and 
, is perpendicular to the refle&ing Surface. For 
Inftance (Fig. 43,) Rays flowing from Y 

are 
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are collected in. X, a Point in the Perpends 
cular CD, that produced pafles through Yj 
again (Fig. 44.) Rays flowing from G proceed 
after Reflbifltion, as from N, a Point in the Per- 
pendicular CD, that produced paffes through 
G ; and fo for the reft *• 

I. When an Obje& is feen by Reflexion 
from a //tf/ff Surface, the Image of it appears 
at the fame Dijiance behind the Surface that 
the Qbjefifc is placed before it, of the fame 
Magnitude therewith, and dire&ly oppqfite to it. 

To explain this, let AB (Fig 52.) reprefent 
an Object feen . by Reflection from the plain 
Surface S V, and let the Rays AF, AG be fo 
inclined to the Surface that they (hall enter 
an Eye at H after Reflection ; and let AE be 

• This Obfervation, except where an Object is feen by Re- 
flection from a plain Surface, relates only to thofe Cafes where the 
JLeprefentation u made by means of fuch Rays, as fall upon the re- 
flecting Surface with a very (mail Degree of Obliquity ; becaufe 
fuch, as fell at a confiderable Diftance from the Perpendicular, 
proceed not after Reflection as from any Point in that Perpendicu- 
lar (See die fecond and third Obfervations in the Note to the fore- 
going Chapter) but as from other Points fituated in a certain 
Curve, as there explained ; upon which Account thefe Rays are 
neglected as forming a confuted and deformed Reprefentation. 
And therefore it is to be remembered, that however the Situation 
of the Eye, with refpect to the Object and reflecting Surface, 
may be reprefented in the following Figures, it is to be fuppofed 
as fituated in fuch Manner with refpect to the Object, that Rays # 
flowing from thence and entring it after Reflection, may be fuch 
only as fall with a very fmall Degree of Obliquity upon the 
Surface : that is, the Eye muft be fuppofed to be placed almoft 
directly behind the Object, or between it and the reflecting 
Surface. The Reafon why it is not always fo placed, is only 
to avoid Coafufion in the Figures. 

K « perpen- 
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perpendicular to the Surface : then by the Ob* 
fervation juft laid down^ the Point A will ap- 
pear in fome Part of the Line AE produced, 
fuppofe 1 5 that is, the oblique Rays AF and AG 
will proceed after Refle&ion as from that 
Point, and further, becaufe the refle&ed Rays 
FH, GK, will have the fame Degree of Incli- 
nation to each other, that their incident ones 
have (as was (hewn in Proposition the firft 
of the foregoing Chapter) that Point mull ne- 
ceflarily be at the fame Diftance from the 
Surface that the Point A is ; the Reprefenta- 
tion therefore of the Point A, will be at the 
fame Diftance behind the Surface, that the 
Point itfelf is before it, and directly oppofite 
to it : confequently fince the like may be fhewn 
of the Point B, or any other, the whole Image 
IM will appear at the fame Diftance behind 
the Surface that the Objedt is before it, and 
diredtly oppofite to it j and becaufe the Lines 
A I, BM, which are perpendicular to the 
plain Surface, are for tnat Reafon parallel to 
each other, it will alio be of the fame Magni* 
ttfde therewith. As was to be fhewn \ 

If. When an Objedfc is feen by Refle&ion 
from a convex Surface, its Image appears 
nearer to the Surface, and left than the 
Gbjeft. 

Let 

b If the Obje£t be placed before a common Looking- glaft, 
and viewed obliquely, tnree, four f or more Image? of it will 
anpear behind the Glafs. 
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. Let AB (Fig. 54.) reprefcnt the Objetf:, SV 
a refle&ing Surface, whofe Center of Convexity 
is C : and let the Rays AF, AG, be fo inclined 
to the Surface, that after Reflection thereat, 
they ftiall enter the Eye at H : and let AE be 
perpendicular to the Surface : then will the 
oblique Rays AF, AG, proceed after Reflection 
as from Come Point in the Line AE produced, 
(by the Obfervation laid dowri at the Beginning 
of this Chapter) fuppofe from I ; which Point, 
Ijecaufe the reflected Rays will diverge more 

To explain this, let ABCD(Fig. 53.) reprefcnt the Glafs, and 
let EF be the Axis of a Pencil of Rays flowing from E, a Poiot 
in an Object fituated there. The Rays of this Pencil will in Part 
be reflected at F, fuppofe into the Line FG, (fee the Manner in 
which Light is reflected Chap. 18.) What remains will (after 
Refra&ion at F which we don't confider here) pafs on to H ; 
from whence (on Account of the Quickfilver which is fpread over 
tfre fecond Surface of Glafles of this Kind to prevent any of the 
Kays from being tranfmitted there) they will be ilrongly reflected 
to K, where Part of them will emerge and enter an Eye at L : 
by this means one Representation of the faid Point will be formed 
in the Line LK produced, fuppofe in M. Again* another 
Pencil whofe Axis is EN, firft reflected at N, then at O, and 
afterwards at P, will form a fecond Reprefentation of the fame 
Point at Q^ And thirdly, another Pencil whofe Axis is £R a 
after Refle&ion at the feveral Points R, S, H, T, V, fucceffively, 
will exhibit a third Reprefentation of the fame Point at X ; and 
fo on in infinitum. The lame being true of each Point in the 
Obje&, the whole will be represented in the like Manner; but 
the Reprefentations will be faint, in Proportion to the Number 
of Reflections the Rays fuffer and the Length of their Progreft 
within the Glafs. We may add to thefe another Reprefentation 
of the fame Object in the Line LO produced, made by fuch of 
the Rays as fall upon O, and arc from thence reflected to the 
Eye at L. 

This may be tried by placing a Candle before the Glafs as at 
E, and viewing it obliquely, as from L. 

than 
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than the incident ones (Prop, tfae fixth of the 
foregoing Chapter) muft be nearer to the Sur- 
face than the Point A. And fince the (ame 

* 

is true alfo of the Rays which flow from B, 
or any other Point, the Representation IM 
will be nearer to the Surface than the Objedt $ 
and becaufe it is terminated by the Per- 
pendiculars AE and BF which incline to 
each other, as concurring at the Center, it 
yrill alfo appear kfs. 

III. When an Obje£ is feen by Refle&ion 
from a concave Surface, the Reprefentation of 
it is various, both with regard to its Magni- 
tude and Situation, according as the Diftance 
of the Objedt from the reflecting Surface is 
greater or lefs. 

I • When the Objed is nearer to the Surface, 
than its Focus of parallel Rays, the Image falls 
on the oppqfite Side the Surface, is more dijiant 
from it, and larger than the Object. 

Thus, let AB, (Fig. 55.) be the Objea, SV 
the reflecting Surface, F the Focus of parallel 
Rays, C its Center. Through A and B the 
Extremities of the Object draw the Lines, 
CE, CR, which will be perpendicular to the 
Surface, and let the Rays AR, AG, be inci- 
dent upon fuch Points of it that they fhall be 
reflected into an Eye at H. Now becaufe the 
Radiant Points A anii B are nearer the Surface 
than F the Focus of parallel Rays, . the reflected 
Rays will diverge (Chap. IX. Prop. 4.) and 

will 
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Will therefore proceed as from fotne Points on 
the oppofite Side the Surface ; which Points, 
by the Obfervatioh laid down at the Beginning 
Of this Chapter, will be in the Perpendiculars 
AE, BR, produced, fuppofe in I and M : but 
they will diverge in a lefi Degree than their 
incident ones (fee the Proposition juft referrfed 
to) and therefore the (aid Points will be farther 
from the Surfacfe than the Points A and B. 
The Image therefore will be on the oppofite 
Side the Surface with refpe& to the Objedt, 
it wjil be more diftant than it, and confe* 
quently, being terminated by the Perpendi- 
culars CI and CM, k Will alfo be larger. 

2. When the Objedt is placed in the Focus 
of parallel Rays, the reflected Rays enter the 
Eye parallel (Chap. IX. Prop. 4 .) in which 
Cafe die Image ought to appear at an infinite 
Diftance " behind th* refle&mg Surface ; but 
the Reprefentation of it, for the like Reafons 
that were given ift the foregoing Cafe, being 
large and diftintf, we judge it not much 
farther from the Surface than the Image c . 

3. When the Objedt is placed between the 
Focus of parallel Rays and the Center, the Image 
falls on the oppofite Side the Center, is larger 
than the ObjeiS, and in an inverted Pofition. 

Thus let AB<Fig. 56.) reprefent the ObjeS, 
SV-the fefledmg Surfece, F its Focus of pa- 

c See what has been faid concerning the apparent Situation 
of Obj^s feen by parallel Rays, in Chapter VII. 

rallel 
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rallel Rays, and C its Center. Through A 
and B the Extremities of the Object draw the 
Lines CE and CN which will be perpendi- 
cular to the Surface ; and let AR, AG, be 
a Pencil of Rays flowing from A. Thefe 
Rays proceeding from a Point beyond the 
Focus of parallel R*ys will after Reflection 
converge towards fome Point on the oppofite 
Side the Center (Chap. IX. Prop. 4. Cafe 3 J 
which will fall upon the Perpendicular EC 
produced; but at a greater Diftance from C 
than the Radiant A from which they diverged, 
(by the Propofition and Cafe juft referred to.) 
For the fame Reafon, Rays flowing from B 
will converge to a Point, in the Perpendicu- 
lar NC produced, which (hall be farther from 
C than the Point B: from whence it is evi-i 
dent, that the Image IM is larger than the Ob- 
ject AB, that it falls on the contrary Side 
the Center, and that their Pofitions are in- 
verted with refpedt to each other. 

4. If the Objedt be placed beyond the Center 
of Convexity the Image is then formed between 
the Center and the Focus of parallel Rays % 
is lefs than the Objeft, and its Pofition is in- 
verted. 

This Propofition is the Converfe of the 
foregoing : for as in that Cafe Rays pro- 
ceeding from A were reflected to I, and 
from B to M ; fo Rays flowing from I and M 
will be reflected to A and B \ if therefore an 

. Objed 
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Objed be fuppofed to be fituated beyond the 
Center in IM, the Image of it will be formed 
iii AB, between that ana the Focus of parallel 
Rays, will be lefs than the Object, and in- 
verted. 

5. If the Middle of the Objeft be placed in 
the Center of Convexity of the reflecting Surface, 
the Object and its Image will be coincident ; 
but the Image will be inverted with refpedt to 
theObjedh 

That the Place of the Image and the Objedt 
fhould be the fame in this Cafe needs little 
Explication \ for the Middle of the Objed being 
in the Center, Rays flowing from thence will 
fall perpendicularly upon the Surface, and 
therefore neceffarily return thither again; {b 
that the Middle of the Image will be coin- 
cident with the Middle of the Objeft. Put 
that the Image (hould be inverted is perhaps, 
not fo clear. To explain this^ let AB (Fig.57.) 
be the Object having its middle Point C in the 
Center of the refledting Surface S V j through 
the Center and the Point R draw the Line 
CR which will be perpendicular to the reflecting 
Surface, join the Points AR and BR, and let 
AR reprefent a Ray flowing from A, this will 
be reflected into RB, for C being the middle 
Point between A and B the Angles ARC and 
CRB are equal; and a Ray from B will like- 
wife be reflected to A ; and therefore the Poft- 

L tion 
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tion of the Image will be inverted with 
refpeft to that of the Objea d - ...... 

6. If in any of t'he three laft Cafes, in 

each of which the Image is formed on the fame 

Side the refleding Surface with the. Obje&, the 

Eye be fituated farther frfciii the Surface than 

the Place where the Image falls/ the Rays of 

each Pencil, croffing each other in the feveral 

Points of the Image, will enter the Eye as from 

a real Objedt fituated there 5 fo that the Image 

will appear pendulous m the Air between the Eye 

and the refleding Surface, and in the Pofition 

wherein it is formed, viz. inverted with refpeft 

to the Objed, in the fame Manner that an 

Image formed by refrafled Light appears to 

an ' Eye placed beyond it 5 which was fully 

explained under the fourth Propofition of the 

feventh Chapter, and therefore needs not be 

• repeated here. 

But as to what relates to the Appearance of 
the Objed when the Eye is placed nearer to 
the Surface than the' Image, that was not there 
fully inquired into. That Point ftiall there- 
fore now be more ftridly examined under 
the following Cafe* which equally relates to 

* refraSled and rejie&ed Light. 

*• 

A In this Ppopofition it. is Jo be foppofed that the Obje£ AB 

. is fo fituated with refpecl. tathe refleding Surface, that the Angle 

ACR may be right ; for o'therwife the Angles ARC and BRC 

will noc be equal, and Part of the Image will therefore fall upon 

llje 0]>jeft and part off. 

7- ^ 
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7. If the Eye be fituated between^ the re- 
flecting Surface and the Place of .the Image, 
the Objedt is then feen beyond the. Surface ; and 
the farther the Eye recedes from the Surface 
towards the Place of the Image, the more con- 
fufed y larger ', and nearer the Objedt appears. 

To explain this, let AB (Fig.-58;)reprefent 
the Objcft, IM its Image, one of vtfhofe Points, 
M, is formed by the Occurrence of the reflect- 
ed Rays DM, EM; &r. which before Refledtjon 
came from B 5 the other, I, by ' the Concur- 
rence of DI, EI^ jGfo which came from A : 
and let ab be the Pupil of an Eye: fituated 
between the Surface DP a#d the Image, This 
PupiLwill admit the Rays Ha, Kb,- which, be- 
caufe they are tending towards I, aue iuch as 
came from A, and therefore the Point A /will 
appear diffufed over the Space :RS; In like 
Manner . the Pupil . will alfo receive into it the 
reflected Rays Kaand Lb, which,, becaufe they 
are tending towards M, byi Suppofition came 
from B; and therefore the Point B will be 
feen fpread as it were over the Space TV, and 
the Objedt will feem to fill the Space RV ;' but 
the Reprefentation . of it will be confufed^ be- 
caufe the intermediate Paints of the Objedt, being 
equally inlarged in Appearance, there will not 
be Room for them between the Points S and T, 
but they will coincide hrpart one "with another^ 
for Inftance, the Appearance of >that Point in 
the Objedt, whofe Reprefentation fall^tfpon c in 

L2 the 
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the Image, will fill the Space mn> and fo ofthe 
f eft. Now if the fame Pupil be removed into the 
Situation ef y the refle&ed. Rays E* and G/will 
then enter the Eye, and therefore one Extre- 
mity of the Object will appear to cover the 
Space XY ; and becatrfe the Rays Of and he 
will alfo enter it in their Progrefs towards M, 
the Point B, from whence they came, , will 
appear to. caver Z V ; the Objedt therefore will 
appear larger and more confufed than before. 
Aad when the Eye recedes quite to the Image, 
it fees but one fingle Point of the Object, and 
ihat appears difRifed all over the reflecting 
Surface: for Inftance, if the Eye recedes to 
the Point M, then Rays flowing from the Point 
B enter it upon whatever Part of the Surface 
they fall :and fo for the reft. The Objedtalfo ap- 
pears nearer to the Surface, the farther the Eye 
recedes from it towards the Place of the Image, 
probably becaufe as the Appearance of the 
Objedt becomes more and more confufed, its 
Place is not fo eafily diftinguifhed from that of 
the reflecting Surface itfelf, till at laft when it 
is quite confufed (as it is when the Eye is arrived 
at M) they both appear as one, the Surface 
affuming the Colour of the Object e - 

As 

. « As (toythe precife apparent Magnitude of an Object feen 
after this Mariner, it is iuch that the Angle it appears under 
lhall be equal to that which the Image of theiame »Objedt 
would appear Under, were we to fuppoie it feen from the faroe 
Place : that is, "" the apparent ^Object (for fuch I inuft call it to 

diflinguifii 
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As each Point in the Reptefentation of an 
Object made by Reflection is fituated feme- 
tfhere in a right Line that paffca through its 
oorrefpondent Point in the Objdft, and is per* 
pendicular to the receding Surface, as was 
ihewn in the Beginning of this Chapter ; we 
may from hence deduce a moil eafy and ex- 
peditious Method of determining both the 

diftinguiih it from the Image of the lame Object) aid the Imaga 
fubtend equal Angles at the Eye. 

Dm. Here we muft fuppofe the Papil of the Eye to be a Point 
only, becaofe the Magnitude of that ctufes fane fin^l Ahera* 
tbn in the apparent Magnitude of the Objeft ; as we iball fee by 
and by. Let then the Point a reprefent the Pupil, then wm 
the extreme Rays that can enter it be H* and Ka, die Objett 
therefore will appear under the Angle H a K, which is equal taita 
vertical one Mai under which the linage IM would appear, 
were it to be feen from 4. Again if the Eye be placed in/? the 
Objeft appears under the Angle G/ O equal to 1/ M whtd| 
the Image fubtends at the fame Place, and therefore the appa- 
rent Object and Image of it fubtend equal Angles at the Eye; 
SE.D. 
tow if we foppojethe Papil to have any (enfible Magnitude, 
fuch fuppofe that its Diameter may be a b% then the Object feen 
by t^e Eye in that Situation will appear under the Angle H x L» 
which is larger than the Angle H a K under which it appear'4 
before ; becaufe the Angle at x is nearer than the Angle at <r, 
to the Line IM, which is a Subtenie common to them both. 

From this Proportion it follows, that, were the Eye dole t4 
the Surface at K, the real and apparent Object would be feen 
under equal Angles (for the real Object appears from that Place 
under the fame Angle that the Image does, as will be (hewn 
at the End of this Chapter) therefore when the Eye is nearer 
to the Image than that Point, the Image will fubtend a larger 
Angle at it than the Object does; and cenfeqaently fince the 
Image and apparent Object fubtend equal Angles at the Eye, the 
apparent Object muft necef&rily be feen under a larger Angle 
than the Object ttfclf, wherever the Eye i* placed between the 
Surface and the Image. 

3 Mag- 
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Magnitude and -Situation of the Image in all 
Cafes whatever. Thus, 

'Through the Extremities of the Objeft AB f 
andtheGenter-G^Fig. 59, 60, or 61.) draw 
the Lines AC, BC, and produce them as the 
Cafe; requires; thefe Lines will be perpendicu- 
lar > to 'the rcfle&ing Surface^ and therefore the 
Extremities of the Image will fall upon them; 
Through F the middle Point of the Objedfc 
And the Center, draw the Line FC and pro- 
duce, it till.it paffes through the renedHng Sur- 
face, «khis will alfo be perpendicular to die 
Surface. Through G, the Point where this Line 
cuts the Surface, .draw the Lines AG and BG 
and ; produce them, this way or that, till they 
crofs the former Perpendiculars 5 and . where 
they crofs, there I and M the Extremities 
of the Image will fall. For fuppofing AG 
to be a Ray proceeding from the Point A 
and falling upon G, it will lie reflected to B ; 
becaufe FA is equal to FB, and FG is per- 
pendicular to the reflecting Surface ; and there- 
fore the Reprefentation of the Point A will 
be in BG produced as well as in AC, 
confequently it will fail on the Point I where 
they crofi each other. Like wife the- Ray 
BG will for the fame Reafoh be reflc&ed 
to A, and therefore the Reprefentation of 
the Point B will be in AG produced as 
well as in fame Part, of BC, that is, in M 

where 






Of the Appearance of Bodies] &a x$t 

where they crdfs. '- JProiri whence the Propo* 
fition is clear. .*. ■ . % ■■ - 

If It happens /that the Lines, will not crofs 
which way foever they are produced, as icr 
(Fig. 62.) then is the Obje&in the Focus of 
parallel Rays of that Surface, and has no Image 
formed in any Place whatever. For in this 
Cafe the Rays AH, AG, flowing from the Point 
A, become parallel after Refledioii in the Lines 
HC, GB, and therefore do not flow as to or 
from any Point : in like Manner Rays flowing 
from B are reflected into the parallel Lines KB 
and GA; fo that no Reprefentation can be 
formed by fuch Refledtion. 

From hence we learn another Circumftance 
relating to the Magnitude of the Image made 
by Refledtion ; viz. that it fubtends the fame 
Angle at the Vertex of the reflc&ing Surface 
that the Object does. This appears by In- 
fpedtion of the 59, 60, or 61 ft Figure, in each 
of which the Angle IGM, which the Image fub- 
tends at G the Vertex of the refle<3ing Surface, 
is equal to the Angle AGB, which the Object 
fubtends at the fame Place; for in the two firft 
of thofc Figures they are vertical, in the third 
they are the fame. And 

Farther, the Angle ICM, which the Image 
fubtends at the Center, is alfo equal to the 
Angle ACB which the Objeft fubtends at 
the fame Place 5 for in the two firft Figures 

they 
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they are the feme, in the laft they are ver* 
tical to each other. 

From whence it is evictatt,* that the ©bje& 
and its Image are to each other in Diameter* 
either as their refpeCtivc Diftances from the* 
Vertex of the reflecting Surface, . or as their Di- 
ftances from the Center of the fame. 

IV. As ObjeCts are multiplied by being feea 
through tranfparent Media, whofe Surfaces are 
properly difpofed, as was explained (Chap. VII. 
Prop. 4.) fo they may alfo by reflecting Sur- 
faces. Thus, 

1 . If two reflecting Surfaces be difpofed ajt 
right Angles, as the Surfaces AB, BC, (Fig. 
63.) an ObjeCt at D may be feen by an Eye 
at E, after one Reflection at F, in the Line 
EF produced; after two Reflections, the firft 
at G, the fecond at H, in the Line EH pro- 
duced ; and alfo after one Reflection made at 
A, in the Line EA produced. 

2. If the Surfaces be parallel, as AB, CD, 
(Fig, 64.) and the ObjeCt be placed at E and 
the Eye at F> the ObjeCt will appear multiplied 
an infinite Number of Times : Thus, it may be 
feen in the Line FG produced, after one Re- 
flection at G ; in the Line FH produced* aft? r 
two Reflections, the firft at I, the; fecond at 
H ; and alfo in FP produced, after feveral 
fucceflive Reflections of the Ray EL, at the 
Points L, M, N, O, and P : and fo on .in in- 
finitum. But the greater the Number of Re- 
flections 
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fleftions are, the weaker the Reprefentation 
will be. 

There are refle&ing Surfaces made, fome 
cylindrically convex, others cylindrically con- 
cave 5 both which Kinds are defigned to ren- 
der the Image of an Objedt deformed, or the 
contrary, by augmenting or diminishing it in 
one Dimenfion and not in another; for the 
former Sort are convex one way, viz. round 
their Axes, and plain the other, viz. length- 
wife ; the other are concave round their Axes % 
and plain the other way : upon which Account 
Surfaces of thefe Kinds neceflarily have fuch 
Effefts. 

When a very deformed Pi&ure, or rather 
no Pidhire at all, but a feemingly irregular and 
accidental Poiition of Colours is placed be- 
fore one of thefe Surfaces, and feen by Re- 
flection from thence, a beautiful and well prq- 
portion'd Image, {hall appear therein. But to 
explain Phanomena of this Kind is not the 
Intent of this Compendium. Enough has been 
kid to explain the Principles of Catoptrics. 
Pais we on now to the third and laft Divifion 
of Optics % viz. the DoSirine of Colours. 
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Chap, XL 

Of the different Refrangibility in the 
Rays of Light ; of the Colours the 
diiiindt Species of them are difpofed 
to excite ; and of the Caufe of that 
Variety of Colours which is obfer- 
vable in Bodies. 

IN treating of the Refradtion of Light in the 
Beginning of this Part, we fuppofed that 
all Light, in paffirlg out of one Medium info 
another of different Denfity, is equally xefradfced 
in the fame or like Circumftances. This is the 
Notion the Philofophers before Sir Ifaac New- 
tons Time had of it ; but that indefatigable and 
circumfpeft Author has difcovered that it is 
not fo, but that there are different Species of 
Light ; and that each Species is difpofed both 
to fuffer a different Degree of. Refrangibility . 
in pajjtng out of one Medium into another, and 
to excite in us the Idea of a different Colour 
from the rejl ; and that Bodies appear of that 
Colour which arifes from the Gompojition of 
the Colours the fever al Species they reJleSt are 
difpofed to excite. 

There are Abundance of Experiments made 
by Sir Ifaac Newton and others for the Con- 
firmation 



i 



Ch. XL in the Rays 0/Tight ; &c. 1 3 5 

firmation of this Do&rine; I fhall only fekft 
the following ones, which will fufficiently il- 
luftrate the Proportion, and evince the Truth 
of it. And 

Firft, There are different Species of Light, and 
each Species is difpofed to fuffer a different 
Degree of Refrangibility, and to excite the Idea 
of a different Colour. 

To (hew this, let a Room be darkened, and 
the Sun permitted to fhine into it through a 
fmall Hole in the Window-fhutter, and be 
made to fall upon a Glafs Prifm (by which is 
meant a Piece of Glafs of a triangular Form, 
fuch as is reprefented in Figure 65.) then will 
the Sun's l^ight in paffing through this Prifm 
fuffer different Degrees of Refraction, and by 
that means be parted into different Rays, whicn 
ftays being received upon a clean white Paper 
will exhibit the following Colours, viz. Red, 
Orange, Yellow, Green, Blue, Indigd,zxi$ % 
Violet Purple. Thus, let AB ( Fig. 66.) re-r 
prefent the Window-fhutter, C the Hole in it K 
DEF the Prifm, ZY a Ray of Light cprping 
from the Sun, which paffes through the Hole 
and falls upon the Prifm at Y, ^nd if the Prifm 
were removed would go oii to X, hut in 
entring its firft Surface EF fliall be refracted 
into the Courfe YW, falling upon the fecond 
in W, where in going but into the Air it (hall 
be refra&ed, again. Let the Slight' now, after 
It has puffed the Prifm, be deceived upon a 

M 2 Sheet 
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Sheet pf white Paper GHIK held at a proper 
Diftance, and it will exhibit upon the Paper 
a Picture or Image at LM of an oblong Fi- 
gure, whofe Ends are femicircular and Sides 
ftrait. And it {hall be variegated with Co- 
lours after the following Manner. Frorn 
the Extremity $A to fome Length fuppofe to 
the J^ine no, it (hall be of an in^enfe Red ; 
from no to pg it {hall be of an Orange Colour j 
from pg to ? s it fhall be Yellow $ from thence 
to tu it fhall be Green ; from thence to wx 
Blue; from thence to yz tndigo; and from 
thence to the End Violet. And if the whole 
Image be divided lengthwife into 3 60 equal 
Parts, the Red (hall take up 45 of them, the 
Orange 27, the Yellow 48, the Green 60, 
the Blue 60, the Indigo 40, and {he Violet 
8o f . 

To 



f Sir Ifaac Newton in his Opitics has fhewp, how from thci 
Refraction of the molt refrangible and leaft refrangible Rays, to 
iin4 the Refraction of all the intermediate ones* His Role is 
this, if the Sine of Incidence be to the Sine of Refraction in th$ 
leaft refrangible Rays as AV to BC (Fig.67.) and to the Sine 
of Refraction in the moft refrangible as A^ to BD ; and if 
CE be taken equal to CD, and then ED be To divided in 
F, G, H, I, K, L, that ED, £F, EG, EtT,,EI, EK, 
EL, EC, may be proportional to the eight Lengths of rnnfica! ^ 
Chords, which fhall found the Notes in an -Octave, ED being 
the Length of the Key, EF the Length of the Tone above that 
Key, EG the Length of the lefer "third, EH of the Fourth, 
EI of the Fifth, EK of the greater Sixth, EL of "the 
Seventh, and EC of the 08 awe above that Key; that is, 
If the Lines ED, EF,. EG, EH, EI, EK, EL, and 
EC bear the fame Proportion, to each ether as the Numbers 
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To render this Proof complete, we muft now 
fliew, that thefe Difpofitions of the Rays of 
Light, to produce fome one Colour, and fome 
another, which manifeft themfelves after being 
pefradfced, are not wrought by any Adtion of 
the Prifm upon them, but are originally inhe- 
rent in thQfe Rays; and that the Prifm only af- 
fords each Species an Occafion of ihewing it$ 
diftindl Quality, by feparating them one from 
the other, which before, while they were blend- 
ed together in the unfraded Light of the Sun, 
lay concealed. 

This will be proved by the following Experi- 
ment, Things retraining as in the foregoing one, 

*• b b b b b f*> b refpeaively, then fotll BD and 
BF be tne Limits of the Sines of Refra&ion of the o/a?/*/Rays 5 
that is, the violet colored Rays fiiali not all of them have 
precifely the fame Sine of Refra&ion, hot none of them mail 
nave a greater Sine than BD nor a lefs than BF, though there 
be violet coloured Rays which anfwer to any Sine of Refraction 
that can be taken between thefe two. In the fome manner BP 
and BG are the Limits of the Sines of Refraction of the /«- 
dtgo ; BG and BH are the Limits belonging to the Bke ; BH 
and BI # the Limits pertaining to the £ta?» ; Bi and BK, the 
Limits for the Ye/fay ; BK and BL, the Limits for the orange 
coloured Rays ; and laftly fiL and BC, thofe of the Sines of Re* 
fraction belonging to the Red. 

And particularly., when Light pafles oat of Giafs into Air, 
if the Sine of its Angle of Incidence be 50, the Sine of the 
Angle of Refraction of the Red will be between 77 an4 
77i, of the Orange coloured between 77-J and 77{> of the 
YelLnu between 77-5- and jj\ 9 of the Green* between 77-}, and 
77i>. of the Blue between 774, and 77^, of the Indigo between 
77$ and 77$ and- of the violet coloured Rays between 77! 
^78* 

let 
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let another Prifm, as NO (Fig. 68.) be placed 
cither clofe to, or at fome Diftance from 
the firft, in a perpendicular Situation with re- 
fpedt to the former, fo that it may refraft the 
Rays iffuing from the firft fideways. Now, if this 
Prifm could feparate the Light which falls upon 
it into coloured Rays, as the other did, it would. 
divide the Image breadthwife into Colours, as 
before it was divided lengthwife; but no fuch 
Thing is obfervable : For the Image fhall only 
be thrown out of the perpendicular Situation 
LM into the oblique one PQj the upper parts, 
which were more refra&ed in the former Cafe, 
being more refracted in this, and therefore made 
to recede farther fideways fron* tljeir former Si- 
tuatipn Jlf, than the lower ones are from M; 
And farther, each Colour {hall be uniform from 
Side to Side in the oblique Image, as well as in 
the perpendicular one. 

If there be any Obje&ion againft the Suffici- 
ency of this Proof, if muft be, that the Rays, 
when they fall upon the fecond Prifm, are not 
all in like Circumftances, with regard to their 
Inclination to its Surface ; I fhall therefore, to 
obviate that Obje&ion, add one more Experir 
msnt which ieems to be peculiarly adapted tq 
that Purpofe. It is as follows : 

Two boards AB, CD, (Fig. 69.) being 
ere&ed in a darkened Room at a proper Di- 
ftance, one of them AB, being near the Win? 
dow-fhutter EF, A Space being only left for the 

Prjfm 
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Priihi GHI to be placed between them % fo 
that Part of the Rays, which enter the Holfc 
M, may, after paffing through the Prifm, 
be tranfmitted through a fmaller Hole K 
made in the Board AB, and paffing on from 
thence go out at another Hole L, made in 
the Board CD, of the fame Size as the Hole 
K, and fmall enough to tranfmit the Rays of 
one Colour only at a Time : Let another Prifm 
PQR be placed behind the Board CD to receive 
the Rays paffing through the Holes K and L, 
and after Refraction by that Prifm, let the Rays 
fall upon the white Surface ST. Suppofe, firft, 
the violet Light to pafs through the Holes, and 
to be refracted by the Prifm PQR to s y which, 
if that Prifm were not there, would have paffed 
on to W. If the Prifm GHI be turned about 
flowly, fo that the incident Ray ZY may fall 
more obliquely upon it, while the Boards and the 
other Prifm remain fixed, in a little Time ano- 
ther Colour, fuppofe Indigo, which we may 
fuppofe before to have proceeded to *, will 
pafs through the Holes K and L, and, if the 
Prifm PQR were away, would proceed like 
the former Rays to the fame Point W. Now 
the Refradtion of this Prifm will not carry 
thefe Rays to s as it did the other, but to 
fome Place lefs diftant from W, as to t. 
But it is manifeft that the Holes K and L being 
in the fame Situation in each Cafe, both Sorts 
of Rays enter the Prifm PQR under the fame 

Cir- 
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Circumftances, for they are equally inclined 
*to its Surface RP, and enter it at the fame 
Point thereof; which fhew$ that the one Spe- 
cies is more diverted out of its Courfe by 
Refra&ion than the other is, when the Cir- 
cumftances of Incidence are the fame iii each. 
Farther, if the Prifm GHI, be turned about 
till the Rays which exhibit Blue pafs through 
the Hole L, thefe will fall upon the Surfacfe 
ST below t, as at u, and therefore are fubjedfc 
to a lefs Degree of Refraction than feeh as 
produce Indigo. And thus # by proceeding it 
will be found that the Green is lefs ref rafted 
than the Blue, and fo of the remaining Co- 
lours, according to the Order in which they 
are reprefented in an Image formed by a 
fingle Prifm g* 

s There are Abundance of Experiments made by fhe Author 
of this Do&rine asd others for the Confirmation of k, as was 
©bferved above • To give them all at full Length would tire 
the Reader. As chat if a Body be painted one half Red, and 
the other Blue, and then viewed through a Prifm ; the appa- 
rent Place of the one half (hall be different from that of die 
other : and if it be painted with a Mixture of thefe two Colours 
it (hall appear confined and deformed. Both which evidently 
ihew that the Rays, which each of thefe Colours reflect, fuffer 
different Degrees of Refraction in pafEng through the Prifm. 
And if two Bodies be painted, the one Red and the other 
Blue, and the Rays which flow from them be made to pa& 
through a convex Lens, the Focus, made by the Concurrence of 
the Rays which flow from that which is painted with BJue, 
fhall fall at a lefs Diflance behind the Lens, than that which 
Is made by thofe which come from the Red one. See the 
Experiment made by Dr. Defaguliers in a very accurate Man- 
ner (Philofoph. Tranf. N°. 426.) in O ppofi don to Signr. Ritxetti x 
who difputes the Conclufivenefs of Sir Ijaac Newton's .Experiments. 

And 
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And alfo each Species of Rays is difpofed 
to excite in us the Idea of a different Colour. 

This is fufficiently clear from what has been 
aleady faid, and is farther confirmed by what 
follows, viz. That whatever Species of Rays 
are thrown upon any Body, they make that 
Body appear of their own Colour. Thus 
Minium in red Iyight appears of its own 
Colour; but in yellow Light it appears yellow; 
and in green Light it appears green; in ilue % 
blue; and in violet-purple coloured Light it 
appears of a purple Colour : in like manner 
Verdigreafc will put on the Appearance of that 
Colour in which it is placed. But each of 
thefe Bodies appears moft luminous and bright 
when enlightned with its own Colour, and 
dimmeft in fuch as are moft remote from 
that. *Tis certain therefore each Ray is dif- 
pofed to excite its own Colour, which is 
neither to be altered by Refraftion nor Re- 
fle<5tion. 

Thus much in Confirmation of the firft Part 
of the Propofition, viz. That there are differ 
rent Spectes of Light, that each Species is 
difpofed to fuffer a different Degree of Re- 
frangibility, and to excite in us the Idea of a 
different Colour. We proceed now to the 
fecond Part of the Propofition, viz. 

2. That Bodies appear of that Colour, which 
refults from a Compofition of thofe Colours, 

N which 
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which the feveral Species they refled are di£- 
pofed to excite. 

We have juft now feen that each Rayy 
whatever be the Colour of the Body it is re- 
flected from, is able to excite no other Idea 
than that of its own Colour , and that coloured 
Bodies reflect not all the different Sort6 of Rays 
that fall upon them in equal Plenty $ but fome 
Sorts, viz. thofe of their own Colour, much 
more copioufly than others. We will now pro- 
ceed to thew, that the other Colours may be 
produced from a Mixture of thofe feven, which 
Rays of Light when feparated by a Prifm are 
difpofed to exhibit. From whence it will be 
rational to conclude, that Bodies appear of that 
Colour which arifes from the Mixture of thofe 
jvhich they reflect. 

i f Ail the prifmatic Colours (viz. thole 
which are made by the Prifm) mixed together 
appear white a little inclining to Yellow, fuph 
as is that of the Sun's Light. 

To {hew this, let a convex Lens be placed 
Jbetweep the Prifm and the Paper which re* 
ceives the Image, in order that the Rays fe- 
.parated by it piay be collected ipto. a Focus ; 
and let the Focus fall upon the Paper, then 
will the Spot where it fall appears white. And 
that the Whitenefs of this focal Point is owing 
to the Union of thofe Colours appears fron^ 
Jience, that if we remove the Paper from the 

foca| 
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focal Point, and fufFer the Rays to crofs each 
dther in the Focus 9 arid if 1 when they have pro- 
ceeded to fome Diftance beyond, they be then 
ftceived upon the Paper, the fame coloured 
Image will be exhibited, but inverted, becaufe 
the Kays crofs each other in the Focus-, an 
tvident Proof that the Whiten efs of the Spot 
was owing to nothing but the Mixture of the 
kays constituting the feveral Colours of the 
Image. But if the Rays of any particular 
Colour be intercepted before they are collected 
in the faid Spot, it then appears not only of a 
different Colour from what it did before, but 
different from any of the prifmatic Colours 
taken feparately. 

Or if the Circumference of a Wheel be 
painted with the prifmatic Colours taken in 
the lame Proportion with refpeft to each other 
in which they are exhibited in the Image made 
by the Prifm, and the Wheel be turned fwiftly 
about, the Circumference of that Wheel fliall 
appear white: if they are taken in other 
Proportions, the Colour of the Wheel when 
turned about will vary accordingly. From 
whence this Part of the * Propofition is alfo 
abundantly clear. 

No Compofition of thefe Colours will pro- 
duce Black: That being no Colour^ but the 
Defeat, or Abfence of all Colour whatever 

That Species of Light, which is difpofed to 
fiiflfcr a greater Degree of Refraction, requires 

N 2 pro* 
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proportionally lefs Obliquity at the fecond 
Surface of any Medium to occafion a total 
Refleftion of it there j fo that it is poflible 
that a Ray of Light may pafs through a Me- 
dium with fuch Obliquity, that only that Part 
of it which 'is diipofed to exhibit a violet 
Colour fhali be renewed at the fecond Sur- 
face, and all the reft tranfmitted there. This 
indeed is a neceflary Confequence of what was 
obferved concerning the Refle&ion of Light 
at the fecond Surface of any Medium -, (Chap.8.) 
viz. that the Refledion of a Ray is total, 
when the Obliquity of the incident Ray is 
fuch, that the Angle of Refra<3k>n ought to 
be equal to, or to exceed a right one. I lay 
this is a Confequeiice of that, becaufe the 
Angle of the Refraftion of the violet coloured 
Light is larger than the Angle of Refraction 
of any other, though their Angles of Inci- 
dence be equal. And accordingly thus it 
happens, as appears by the following Experi- 
ment. 

Let AB (Fig. 70.) reprefent the Window- 
fhutter of a darkened Room > C an Hole to let 
ina Ray of the Sun; DEF, GHI, twoPrifms 
fo applied' together that the Sides EF and 
GI be contiguous, and the Sides DF and GH 
parallel: In this Situation Light will pafs 
through them without any Separation into 
Colours 5 for the oppofite Sides being parallel, if 
the Rays are refracted one W a y where they 

go 
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go in, they will be as much refradted the 
contrary Way where they go out (See Page 51.) 
But if it be afterwards received by a third Prifm 
KLM, it will be divided fo as to form upon any 
white Body NOYU the ufual Colours, Violet 
at /, Indigo at tn, Blue at n> and Red at r. 
' Now let it be fuppofed that the Surfaces EF 
And Gl are not quite clofe together, but that 
the Rays, in pafling from one to the other f 
pafs through % Medium (viz. the Air) of diffe- 
rent, Denfity from that of the Prifms : and 
that the Ray ZC is not fo much inclined 
to the fecond Surface of the firft Prifm as 
to caufe a total Reflection of any one Spe- 
cies there ; then will Part only of each Species 
be reflected and Part tranfmitted, agreeably to 
what was obferved (Chapter 8.) concerning 
the Manner of Reflection. Let now the re- 
flected Rays be received by a fourth Prifm 
TXV; thefe, after pafling through it, will 
paint upon a white Surface RS the Colours 
of the Prifm, viz. s Red at j, Orange at t, 
Tellow at v y and Violet at z. Let now the 
Prifms DEF, GHI, be flowly turned about, 
keeping ftill the fame Situation with refpe<3: 
to each other, until the Obliquity of the Rays 
ZC to the Surface EF be fo far increafed, 
that there (ball begin to be a total Reflection 
of them there. In which Cafe it is obfervable, 
that firft of all the violet Light will be 
tftally reflected, and will therefore difappear 

at 
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at /, appearing inftead thereof at z, and ih-» 
creating the violet Light which fell there before. 
And when the Rays ZC become more 
oblique by the Prifms being turned farther 
about, the Indigo mail be totally rtfle&ed, 
difappearing at m y but falling upon y, and 
making the violet there more intenfe. And 
by turning the Prifms ftill farther about, all 
the remaining Colours will be fucceffively re* 
moved from the Surface PQjo RS. 
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CHAP, XII. 

Of the Qualifications in Bodies, which 
difpofe them to refieSi the Rays of 
different Colours. 

WE are now to inquire what it is that 
gives Bodies this Power of reflecting, 
feme one fort of Rays mod copioufly, and fotnc 
another. . And this is probably no other than 
the different Magnitude of the Particles where* 
of they are competed ; as will appear from 
the following Obfervations. 

If Water be prepared with Soap fo as to 
render it fufficiently tenacious, and then blown 
up into a Bubble ; it is obfcrvable,. that as the 
Babble grows thinner, and thinner (as it will do 
by reafon *>f the Water's continually running 
down from the Top of it, till it breaks) diffe* 
rent Colours will arife one after another at 
the Top of the Bubble, fpreading tbemfclves 
into Rings, and defcending til! they vanifli 
at the Bottom in the fame Order they arofe 
at the Top. Thus, in an Experiment of this 
Kind, triad by Sir Ifaac Newton, the Colours 
arofe in this Order ; firft Red, then Blue $ 
to which fucceeded Red 3. fecond Time, and 

Blue 
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Blue immediately followed ; after that Red 
a third Time, fucceeded by Blue; to which 
followed a fourth JZed, but fucceeded by Green ; 
after this a more numercis Order of Colours, 
firft Red, then Tellow, next Green and after 
that Blue, and at laft Purple; then again. 
Red, Tellow, Green, Blue, Violet followed 
each other ; and the laft Order of Colours that 
arofe was Red, Tellow, White, Blue ; to which 
fucceeded a dark Spot that afforded fcarce any 
Light, though it was obferved to caufe fome 
very obfcufe Reflection, for the Image of the 
Sun or Candle might be faintly difcerned in 
it ; and this laft Spot fpread itfelf more and 
more, till the Bubble broke. 

Now 'tis apparent that the only Reafon, why 
thofe different Colours, fucceeded each other at 
the Top of the Bubble m the aboyementioned 
Manner, was becaufe its Thicknefs in that Part 
continually varied, till it broke. It remained 
therefore to examine what was the Thicknefs 
of the Bubble at the Top, at the Time it 
exhibited each particular Colour. And this was 
cffedted by the following Contrivance, viz. 
by taking the Obje£t-Qlafs of a long Telefcope, 
fuch haying but a very finall Degree of Con- 
vexity,, and placing it upon a flat Glafs : thefe 
Glafles by reafon of the Convexity of the former 
would touch but in one Point, and the Diftance 
between them, where they did not touch, would 
be exceedingly fmall, but larger the farther 

we 
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we confider it from the Point of Contadt. Now 
Water being put between thefe Glaffes, the fame 
Colours appeared as in the Bubble, in the Form 
of Circles or Rings furrounding the Point 
where the Glafles touched* which Point ap- 
peared bkck, like 'the Top of the Bubble 
when it was thinneft. Next to this Spot lay 
a blue Circle, and next without that a white 
one, and fo oil in the fame, but contrary Order 
to that in which the Colours arofe on the 
Top of the Bubble; 

Now the Diftance between the Glaffes, that 
is, the Thicknefs of the Body of Water between 
them, where it exhibited any one Colour of 
a particular Order, was equal to the Thicknefe 
of the Bubble at the Time the fame Colour ap- 
peared upon it. For though the Medium the 
Light muft pstfs through to come at the Water 
is in one cafe, Glafs, and in the other, Air-j. 
that makes no Difference in the Species of the 
Colour rcfle&ed from the Water s for Pieces of 
Muftovy Glafs, made thin enough to appear 
coloured, would have their Colours faded, but 
not the Species of them altered by being made 
4 wet with Water. But it was found that trans- 
parent Bodies of different Denfity would not, 
under the lame Thickneffes, exhibit the fame 
Colours : for if the forementioned Glaffes were 
laid upon each other without any Water be- 
tween *hem, the Air between them would 
then -afford the fame Colour*, as the Water, 

O but 
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bujt more expanded, fo tfot e«cH Ring bad a 
larger Diametec, though thgs hgnje all, the feme 
proportion to each other | lb ifcat the Thickneft 
of the Air proper to refleft ea$h Colour was 
in the ikpae Proportion lajgec, than the Thick- 
nefs of the Water adapted tp reflect the 
fame* ' ' 

Farther, aU the Light which is not re>- 
fle&ed by the thin Subftanqe^ whether of Air 
or Water contained between the Glaffes, is 
tranfmitted through them ; for when viewed 
from the other Side, they exhibit alfo coloured 
Rings as before,, but in a contrary Order ; for 
the middle Spot, which in the other View 
appears black for Want of reflected Light, now 
looks perfe£% white i next without this Spot 
thp Light appears, tinged with a.yeilowHb Red; 
where the White appeared before, it now ieems 
Black i and fo o£ the reft, 

It is farther obfervable, that the foremen- 
tioned thin Plates, whether of Air or Watcf, 
do not appear of the fame Colour when 
viewed obliquely, as when feen direct: for if 
the Rings and Colours between a convex and 
plain Glafs be viewed firft in a dire£t Manner, 
and then under different Degrees of Obliquity, 
the Rings, will be obferved to dilate themielvcs 
.as the Obliquity is increafed. But. a Plate of 
Air between the Chiles alters its Colour much 
fooner than the Water in the Rubble which 
is fiirrounded . with Air. Fbr. in iheij Water 

when 
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when viewed t>bliquely the fame Colour might 
be feen at more than twelve Times the Thick- 
nefs it appeared at under a dire'dt View ; but when 
the Air was viewed under fuch an Obliquity that 
theThicknefeof the Plate, where it was obferved* 
was but half as much again as when it was view-* 
cd diredtly # a different Colour appeared. 

Laftly, the fame Colour reflected from £ 
dfcnfer Subftahce reduced to a thin Plate, and 
furrounded by a rarer, will be more brifk* 
\ than the fame Colour, when refledted from 
a thin Plate formed of the rarer Subftan.ee* 
tad furrounded by the denier, as was found 
by blowing Glafs very thin, which exhibited 
in the open Air more vivid Colours, than the 
Air does between two Glaffes, 

As to the Thickncfs of the Plate of Air by 
which the federal Colours were reflected, it 
wad found by carefully meafuring the Diftances 
of the Rings from the Point where the Glaffes 
touched, that the Diftance between the Glafles 
• where the firft Order of Colours was refledted, 
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Was from 17&00 to Tjiow Part of 4n Inch ; 

that where the fccond, was from 178000 to 

17*000; that where the third, from 178000 to i7*ooo f 
and fo on in a Series of the odd Numbers ; 
and that the Diftance of the Glafles, where the 
firft: Order of Colours that was tranfmitted 

pafled through, was from o to ?7»ooo Part of 

Qz an 
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an Inch ; that where thefecond, was from 

178000 to 178000. that where the third,, from 

178000 to i78ooo j and fo on in a Series of the 
even Numbers. And the Thicknefs of a Plate 
of Water, where it reflected or tranfmitted the 
fame Colours, was 1 of the Thicknefs of the 
Plate of Air. 

Now we learn from Experiments made 
with the Microfcope, that the leaft Parts of 
almoft all Bodies are tranfparent ; or the fame 
may be experienced in the following Man- 
ner c Take a very thin Plate of the opakeft 
Body, and the Room being darkened apply it 
to a fmall Hole in the Window-fhutter, and 
it will fufficiently difcover its Tranfparency. 
This Experiment cannot b<e fo well performed 
with a white Body, becaufe of the ftrong re- 
flective Power in fuch ; but even thofe, .when 
diflblved in Aqud Forth or other proper Men- 
firuum y do alfo become tranfparent. Where- 
fore if we fhould fuppdfc any Body reduced 
to a Thinnefs proper to produce any particular 
Colour and then broken into Fragments, in 
all Probability each Fragment would exhibit 
that Colour, and an .Heap of fuch Fragments 
would conftitute a Body of that Colour : fo 
.that the Caufe, why fpme Bodies refledt 
one Sort of Rays moft copioufly, and fome 
another, is probably no other than the dif- 
ferent Magnitude pf their cpnflituent Partj* 

cles 
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cles h . This will be farther confirmed by Par- 
ticulars. The Colours in the fame Part of a 
Peacock's Tail vary as the Tail changes its 
Pofture, with refpedt to the Eye ; juft fo the 
thin Plates of" Air or Water appear of a dif- 
ferent Colour in the fame Plate when view'd 
dire&ly, from what they do when feen ob- 
liquely, as was obferved above. The Colours of 
Silks, Cloths, and other Subftances, which Wa- 
ter or Oil can intimately penetrate, become faint 
and dull by being wet with fuch Fluids, and 
recover their Brigntnefs when dry $ juft as we 
obferved, that Plates of Mufcovy Glafs grew 
faint and dim by wetting. All which Parti- 
culars, and many more that might be pro- 
duced, give abundant Proof of the prefent 
Point ». 



h This Sxrlfaac Newton thinks a probable Ground for making 
Conjecture concerning the Magnitude of the conilituent Particles 
of Bodies. The Greta of Vegetables he takes to be of the 
third Order, as likewife the Blue of Syrup of Violets. The 
azure Colour of the Sky, he thinks is of the firft Order, as 
alfo the mod intenfe and luminous White ; but if it is lefs ftrong, 
he then conjectures it to be a Mixture of the Colours of all Or* 
ders. Of the fatter Son he takes the Colour of Linen, Paper, 
and fuch like Subftances to be; but white Metals to be of the 
former Sort. For producing Black, the Particles muft be faaller 
thao for exhibiting any of the Colours, viz. of a Size anfwering 
to the Thicknefs of the Bubble where it reflected little or no Light, 
and for that Reafon appeared colourlefs. 
• * See Sir Jfiuu N*wton\ Optics, paffim. 
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CHAP- XIIL 

Of the Caufe of Opacity and Transpa- 
rency in Bodies. 

WHEN two Mediums or tranfparcnt 
Subttances of equal Denfity arc conti- 
guous, or as near to eacn other as the Glafles 
were, where the Light was wholly tranftnitted, 
in the Experiment made with the Objeft Glafe 
mentioned in the foregoing Chapter, a Ray of 
Light will pais from one to tne other with- 
out fuffering either Reflection or RefradHon ; 
but if they differ in Denfity, the Light will 
undergo both ; Part of it being reflected and 
Part refra&ed. Juft fo it is with a Ray of 
Light in paffing through the different Par- 
ticles of the fame Body. For Inftance, if 
when the Ray has pafled through any one 
Particle of a Body, it finds another conti^ 
guous to it, it will enter that Particle with- 
out Interruption ; but if at its Emerfion out 
of that Particle, it enters a Pore fufflciently 
large, Part of it will be tranfmitted and Part 
refle&cd. Thus will the Light every time it 
enters a Pore, unlefs it be an exceeding fmall 
one, be in part refle&ed : So that nothing 
more feems neceflary to render a Body opake, 
tljan that the Particles, of which it is com - 
pofed, touch but in few Points, and that the 
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Pores of it be very numerous and large ; 
fo that the Light, which enters it, may by 
numerous Refractions and Reflections be ftifled 
and loft within it. On the contrary, if the 
Particles of a Body touch each other in many 
Points, and its Pores be few and: fmall, or 
filled with a Subftance of nearly an equal 
Deniity with the Particles of the Body, that 
Body will be transparent. 

In confirmation of this, we may obfetve, 
that opake Bodies become tranfparent by 
filling* their Pores with a Subftance nearly 
of the fame Deniity with that of their folid 
Parts: As when Paper is made wet with 
Water or Oil; when Linen Cloth is dipped 
in Water, oiled, or varnifhed, or the O cuius 
Mundi Stone fteeped in Water. Befides, as 
filling the Pores of an opake Body renders 
it tranfparent, fo on the other hand evacuat- 
ing the Pores of a Body that is tranfparent, or 
feparating the Parts of it from one another, 
makes it opake; as Salt or wet Paper by 
being dried, and Glafs by being powder'd, 
lofe their Tranfparency, or Water beat up 
into Froth. 

Befides which Inftances, abundance more 
might be brought in Confirmation of what 
is here laid down ; but thefe are fufficient. 

But becaufe it may be Matter of Surprize, 

that Bodies fhould be fufficiently porous to 

tranfmit .Light in that plenty we obferyp they 

I do, 
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do, and yet be hard or folid; I iliall con- 
clude the Subjed of this Chapter and of the 
Dodtrine of Light and Colours, with (hewing 
the Cpnfiftency of fuch a Suppofition. In 
order to which, let. us imagine a Body whole 
conftituent Particles are of fuch a Form 
that, when laid together, the Vacancies be- 
tween them may be equal in Bignefs to the 
Particles; how this may be done, and yet 
the Body be hard, is eafy to comprehend. 
Now the folid Parts of a Body thus formed 
will be but half its Bulk-; and if we fuppofe 
each conftituent Particle of this JBody.to be 
formed of lefs Particles with Vacuities between 
them, equal to each Particle as before, the 
folid Parts of this Body will then be but a 
fourth Patt of its Bulk % and if each of thefe 
leffer Particles again be formed in the fame 
Manner, the folid Parts of the Body {hall be 
but one Eighth of its Bulk : and thus if the 
Compofition be continued according to the 
fame Rule, the folid Parts of the Body may 
be made to bear as fmall a Proportion to 
its whole Magnitude as fhall be defired, not- 
withftanding which, the Body, by means of 
the Contiguity of the Parts, fhall be capable 
of being hard in any Degree. Thus, Matter be* 
being infinitely divifible, any of the leaft Porti- 
on of it may be fuppofed to be wrought into a 
Body of any defigned Dimenfions how great 
foever, apd yet the Pores of that Body none of . 

them 
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them greater than the fmalleft Magnitude 
propofed at Pleafure ; and yet the Parts of the 
Body mall fo touch, that the Body itfelf mall 
be .hard or fohd. Which mews that the whole 
Globe of Earth, nay, all the known Bodies 
of the\Univerfe, for any thing (hat appears to 
us to the contrary, may be compofed of no 
greater Quantity" of Matter than what might 
Ib reduced into a Globe of an Inch Diameter,'' 
tfrirtto'a Nut-jbett. 
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DISSERTATION IL 

Of the Caufe of Reflexion of Light 

/ Tp H E Opinions of Philofophers relating to 
-* the Caufe of this difficult Phenomenon, 
arc principally four, which I fhall here lay 
down and examine particularly 5 after which 
I fhall give my own Thoughts, concerning it. 

And, 

I. It was the Opinion of Philofophers be- 
fore Sir Ifaac Newton difcovered the contrary, 
that Light is reflected by impinging upon the 
folid Parts of Bodies ; but that it is not fo, 
is clear from the following Reafons. 

And firft, it is not reflected at the firft Sur- 
face of a Body by impinging again ft it. 

For it "is evident, that in order to the due 
and regular Reflection of Light, that is, that 
the reflected Rays fhould not be difperfed 
and fcattered one from another, there ought 
to be no Rafures or Unevenefs in the reflecting 
Surface large enough to bear a fenfible Pro- 
portion to the Magnitude of a Ray of Light : 
becaufe if the Surface abounds with fuch, the 
reflected Rays will rather be fcattered like a 
Parcel of Pebbles thrown upon a rough Pave- 
ment, than reflected with that Regularity 
with "which Light' is obferved to be from a 

*; ' well 
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well poliflied Surface. Now thofe Surfaces 
which to our Senfes appear perfe&ly fmooth 
and well polifhed, are far from being fo ; for 
to polifli is no other than to grind off the 
larger Eminences and Protuberances of the ^fe- 
tal with the rough and fharp Particles of 
Sand, Emery, or Putty, which muft of Ne- 
ceflity leave behind them an» Infinity of Ra- 
fures and Scratches, which though inconfide;- 
rable with regard to the former Roughnefles, 
and too minute to be difcerned by us, muft 
nevertheless bear a large Proportion to, if not 
vaftly exceed the Magnitude of the Particles 
of Light. 

Secondly, it is not reflected at the fecoqd 
Surface, by impinging againft any folid Particles. 

That it is not reflected by impinging upon 
the folid Particles which conftitute this fecond 
Surface, is fufficiently clear from the foregoing 
Argument ; the fecond Surfaces of Bodies being 
as uncapable of a perfect Polifli as the firft; and 
it is farther confirmed from hence, viz. that 
the Quantity of Light reflected differs according 
to the different Denfity of the Medium behind 
the Body : And that it is not reflected by im- 
pinging upon the Particles which, conftitute 
the Surface of the Medium behind it, is evi- 
dent, becaufe the ftrongeft Reflection of all 
at the fecond Surface of a Body, is when 
there is a Vacuum behind it. This there- 
fore wants no farther Proof. (See the Man- 

P Z nee 



i6o Oftt>eCw&'Jp fcutllfr 

ner in which Light is reflected in Chapter 
the 8th.) 

II. It has been thought .% fome k 5 that 
it is reflected at' the firft Surface of .a Body x 
by a rcpulfive Force equally diffufcd over 
it, and at the fecond, by an attra&ive Force. 

I . If therfc be a repulfive Force diffufed over 
the Surface of Bofiies, that repels Rays of Light 
at all Times, then, fince by increafing the Obli- 
quity of a Ray we oiminjfh its perpendicu- 
lar Force (which is that only, whereby it 
mu# make its Way through this repulfive 
Force) however weakly that Force may be 
fuppofed to aft, Rays of Light may be madp 
to fall with fo great a Degree of Obliquity 
on the reflecting Surface, that there (hall be 
a. total Reflection of them there \ and not one 
Particle of Light be able to make its Way 
through, which is contrary to Obfervation ; 
the Reflection of Light at the firft Surface of 
a tranfparent Body being never total in any, 
*''""" ' ' * Obliquity 

3c See Mufchenbratk, Element. Phyfic. Cap. 35. 

1 Dem. Let AB (Fig. 71.) represent the reflecling Surface, 
ABCD the repellent Power diffufed over it, EP a Ray of 
Light incident upon it at the Point F, and let the Line EF 
by its Length exprefs the Fqrce with which the Ray moves. 
This Force is refolvable into the Forces EG and EH, or, 
which is the fame thing HF and GF, which latter is the 
ible Force by which the Ray endeavours to pierce through the 
repulfive Power. But this Force may be diminiihed in #*- 
finitum by augmenting the Obliquity of the Ray EF, and 
therefore it may be made lefe than that of the repelling Power, 
|n which Cafe the Ray will nttenfyity be reflected ; and fince 

:. ... \. * . ...... ..' ^ e 
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,OHiquity whatever. The Hyppt&eji there* 
fore in this^ParticulgLt muft be &16 *. 

2. As to th$ Refle&km at tht fecoiid Sur- 
face by the attractive Force of the Body y 
this may be confidered in two Refpa&s ; Jm, 
"when the RefieSion is tpfah, fecondiy, when 
it is partial. K 

And firft, in Cafes where the Reflection 
}& totals the Caufe of it is undoubtedly that 
feme attractive Force by whicfe Light would 
.be refra&ed in paffing out of the fattie Ifcdyr. 
This is manifcft from that Analogy which fc. 
©bfervable between the Refle&ion of Light at 
this fecond Surface, and its Refrain there, 
for otherwife, what c$n be the Reafon that 
the total Jlefle&ion fhould begin juft .whea 
Jthe Obliquity of the incident |(ay, at its Ar- 

the fame is demonftrabfe of any Ray, (let k move wkh a greater 
or lefs Force than the Ray EF) the Obliquity of the Rays may 
be fo great, that there {hall be a total Reffo&oii of them. 
Q^E. D. 

te Afid yet frdra aa Experiment made by Sir Ifaac New**** 

(See his Optics Book III ) it appears that there is a repalfive 

.Force between Light and fome Bodies. The Experiment is as 

follows. If over an Hole m a Window- (butter be fixed a thfn 

Piece of Lead or the like, in which there is an Hole about 

'the fortieth fart of an Inch in Diameter $ and if when the 

Sua ihtnes through that Hole* an Hair fee farjtt hi its Ray at 

fbme Diftance from the Hole ; the Progrefs of the Rays after 

they have patted by the Hair will be as exprefled in the 

j2ti FSgiwe, where A is a Se&ion of ««' Hair, BC an Hole 

» jn a Window-mutter; BL, UF, DE, &e. JRays paffing throujh 

it, in the Middle of which is placed the Hair A ; and let 

RP be a Paper held at fome Diftance behind the Hair. Things 

being thus difpofed* the Ray BL fhall rail upon O, UF upon 

5^ DE upon R, GH upon P, fcfc. as reprefented in the Figure. 

f - r iyal 
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rival at the* fecond Surface, is fuch, that the 
refra&sd Angle ought to be a right one; or 
when the Ray, were it not to return in Re~ 
fledtion, ought to pafs on parallel to the Sur- 
face, without going from it? For in this 
Cafe it is evident, that it ought to be returned 
by this very Power, and in fuch Manner that 
the Angle of Reflection fhall be equal to the 
Angle of Incidence ; juft as a Stone thrown 
obliquely from the Earth, after it is fo far 
turned out of its Courfe by the Attraftion 
of the Earth, as to begin to move horizon- 
tally, or parallel to the Surface of the Earth, 
is then by the fame Power made to return in 
a Curve fimilar, to that which it defcribed 
in its Departure from the Earth, and , fo 
falls : with the fame Degree of Obliquity 
that it was thrown with. 

But fecondly, as to the Refle&ion at the 
fecond Surface, when it is partial j an at- 
tractive Force uniformly fpread over it, as 
the Maintainers of this Hypothefis conceive 
it to be,, can never be the Caufe thereof. 
Becaufe, it is inconceivable that the fame 
Force, a&ing in the fame Circumftances in 
every Refpedt, can fometimes refled: the Violet 
coloured Rays and tranfmit the Red, and at 
other times reflect the Rtd and tranfmit the 

Violet. 

This Argument concludes equally • againft 
a repulfive Force uniformly diffufed over the 

firft 
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firft Surface of a Body, and reflecting Light 
there; becaufe fome Bodies refle<ft the Violet 
and tranfmit the Rid, others reflect the Red 
and tranfmit the Violet at their firft Surface; 
which cannot poflibly be upon this Suppo- 
fition, the Rays of whichever of thefe Co- 
lours we fuppofe to be the ftrongeft. 

III. Some, being apprehenfive of the Infuf- 
ficiefhcy of a repulfive and attradtivd Force 
diffufed over the Surfaces of Bodies and acting 
uniformly, have fuppofed, that by the Adlion 
of Light upon the Surfaces of Bodies the 
Matter of thefe Forces is put into an undu- 
latory Motion, and that where the Surface of 
it is fubfidirtg, Light is transmitted, and in 
thofe Places whierer it is riling, Light is re- 
flected n . But this feems not to advance 
us one Jot farther; for in thofe Cafes, fup- 
pofe where Red is reflected and Violet tranf- 
mitted, how comes it to pafs that the Red 
impinges only on thofe Parts when the 
Waves are rifing, and tins Violet when they 
are fubfiding? 

IV. The next Hypothefis, that I fhall take 
notice ofi is that remarkable one of Sir Ifaac 
Newton's Fits of eafy ReJleStion and Tranf- 
mijfion, which I fhall now explain and ex- 
amine. 

That Author, as far as I can apprehend his 
Meaning in this Particular, is of Opinion, that 

* See Mufchinhrock Element. Phyfic. Cap. 35. 

Light, 
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Eight, in its PaiTage from the luminous Body, * 
is difpofed to be alternately reflc&ed by and' 
transmitted through any re%<9:ing Surface it 
ij>ay meet withj that thefe Difpofitions (which 
he calls Fits of eafy Refe&ion and idff 
^ranfmiffion) :return fucceffively at equal Inter- 
vals: and that they are communicated to it 
at its firft Emifllon out of the luminous Body 
it proceeds from, probably by fome very' 
fiibtle and elaftic Subftance diffufed through 
the Univerfe, and that in the following 
Manner. As Bodies falling into Water, 
or pafling through the Air caufe Undulations 
in each, fo the Rays of Light may excite 
Vibrations in this elaftic Subftanofe. The 
Quicknofs of which Vibrations depending on v 
the Eiafticky of the Medium (as the Quick- 
oefs of the Vibrations in the Air, which pro- 
pagate Sound, depend fotely on the Elafticity 
tif the Air, and not upori the Quicknpfs of . 
thofe in the founding Body;) the Motion of 
the Particles of it may be quicker than that ' 
of the Rays ; and therefore when a Ray, at the 
Iftftant it impitfges upon any" Surface, is in ; 
that Part of a Vibration of this elaftic Sub- 
ftance which confpires with its Motion, it may 
be eauly tranfrnitted, and wlign it is in that 
Part of a Vibration which is contrary to its ~ 
Motion , it may be reflected . He farther fup- 
p&fes, that when Light falls upon the firft" 
Surface of' a Body, none is reflefted there,- 

bur- 
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but all that happens to it there is, that every 
Ray that b not in a Fit of eafy Tfanfmiflion 
fe there put into one, fo that when they come 
at the of her Side (for this elaftic Subftance 
Ga(Jly pervadiftg the Pores of Bodies, is 
Capable of the fafne Vibrations within the 
B&ty as without it) the Rays of one, Colouf 
ftiall be In a £it of eafy Tranftiiiflion, and 
thdfe of another in a Fit of eafy Reflections 
according to the Thtcknefs of the ?ody; the 
Intervals of the Fits being different in Rays 
of a different Kind. This very well account? 
for the different Colours of the Bubble and 
thin Plate of Air and Water (mention'd iii 
Chap. #11.) as Is obvious enough; and like T 
wife for the Reflexion of Light at the fecond 
Surfade of a thidker Body 3 for the Light re- 
flected from thence is alfo obferved to be 
coloured, and to form Rings according to the 
different Thicknefs of the Body, when not 
intermht'd and confounded with other Light, 
as will appear from the following Experiment. 
If a Piece of Glafs be ground concave on 
one Side and convex on the other, both its 
Concavity and Convexity having one com* 
mon Center, and if a Ray of Light be made 
to pafs through a fmall Hold in a Piece of 
Paper held in that common Center, and be , 
permitted, to fall on the Glafs ; befides thofe 
Rays which are regularly reflefted back to 
the Hole again, there will be others refle&ed 

Q^ to 
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to the Paper, and form coloured Rings fur- 
rounding the Hole, not unlike thofe occa- 
fioned by the Refledtion of Light from thin 
Plates. The fame will happen if the Rays be 
refle&ed from a metalline Speculum f , but the 
Light will not be coloured ; which (hews that 
the Colours arife from that Light which is re- 
flected from the Back-fide, and that in the 
following Manner : Befide that Light which is 
regularly refledted from the farther Surface of 
the Glafs, there is fome refledted irregularly, 
which pafling from the back Surface under 
different Obliquities, does as it were pafs 
through Glafles of different Thicknefles> and 
therefore is in part refledted back again when 
it comes to the firfl Surface, and is in part 
transmitted through it, the tranfijiitted Light, 
when received upon the white Paper exhibiting 
the Rings of Colours abovementioned °. 

As to the Light which is fuppofed to 
be refledted at the firfl; Surface, his 
Opinion feems to be, that it is not there 
refledted, as I obferved above, but that it 
really enters the Surface, and is refledted 
from the Back-fide of the firft Series of Par- 
ticles that lie therein; fo that according as 
thefe Particles are larger or fmaller, the Rays 
of Light which at their Entrance into them 

° This Experiment fucceeds better, when the Back part of the 
Glafs is Quick-iil ve/d over. 

(for 
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> 

(for they are transparent* whether the Body 
they compofe be io or not; See Page 154) 
are thereby put into Fits of eafy Tranfmiffion ; 
at their Emerfion at the other Side are fome 
in a Fit of eafy Tranfmiffion, others in a Fit 
of eafy Reflection, according as the Interval of 
their Fits are large or fmalL So that the 
Particles of a Body may be of fuch a Size 
that they fhall refleft the Red and tranfmk 
the Violet ; or that they may refledt the Violet 
and tranfmit the Red -> or, in general, that 
the ftrongeft and moft forcible Rays may be 
tranfmitted, while the weaker are reflected ; 
or the weaker may be tranfmitted, while the 
ftronger are reflefted. 

Thus I have endeavoured to clear up the 
Account Sir Isaac Newton has left us of 
his own Sentiments concerning this Matter. 
But after all, I cannot fay, that I think his 
Solution the true one. It is too much clog- 
ged with Suppofitions ; neither is it confonant 
to that Simplicity, Uniformity, and Regularity, 
with which Nature is every where obferved 
to adt The Time will come, when the Prin- 
ciples oi Attraction and Repulfion will be found 
alone fufficient to account for this perplexing 
Phenomenon. Would any one that has a 
Genius for a Work of this Kind, and Oppor- 
tunity to make the neceflary Experiments, 
aflume thofe Sir Ifaac Newton has left, and 

Qjs add 
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add pthers, as his Judgment fhould direct 
him j he would foon be able to give us as 
eafy and fimpje a Solution of the RefieSlion 
tf Light, as we already have of any other 
phenomenon whatever. P 

P Perhaps it may be of Service to one that Hull undertake 
this, io acquaint him of a Fact relating to this Matter, which 
every Philolopber is not apprifed of, 111%. That a Piece of Iron, 
when heaiec, afliimes all tJie Colours of the Rainbow before (C 
becomes red hot, 
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Of Microscopes, ftfc, i&q 

PIS5ERTATION Ul 
0/ Micro&opes and 'Telsfcoj&es, 

THAT the Telefcope is of tpodern In* 
-mention is moft certain $ neither does it 
appear that Microfcopc6 or Optic Gla|fe$ 
of any Kind were -known to 4)he Ancients, 
though there a* e two Parages brought to fbew 
that foch Glafles were of life among them. 
The one is quoted by Pancirollut frotia Plau~ 
tus 9 Cedo Vitrum, neeeffe eft Confpicilio uti ; 
the other is taken from Pliny, C. Julius Me- 
dicus, dum inungit SpecUlum, CSc. The for- 
mer of thefe Quotations is a Fi&ion, *k> foch 
Paffage being to be found in the 'Writings 
of Plautus s ; and the Word SpeciUum k\ 
Pliny is not to be understood of an aQp- 
tic-glafc of any Kind, but of a Prohe or other 
Inftrument made ufe of by the Surgeons of . 
that Time r . 

It is contended, that Alexander de Spina, 
a Native of Pi/a, was the firft that made 
the Ufe of Glaffcs known to the World ; 
but our Countryman, Frier Bacon, who died 
one and twenty Years before him f , was, in 

q Vid. Lcttere Memorabili del Abbate Micbelc Giuftiani. 
parte terza, Let. 16. 
"' See Molineux'* Dioptrici, Part II. Cb, 6. 
Mnihe Year 1292. 

alf 
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all Probability, acquainted with them firft, 
for he wrote a book of Perjpeftive, in which, 
he plainly (hews that he did not only un- 
derhand the Nature of convex and concave 
Glafles, but the Ufe of them when combined 
in Telefcopes l ; though he no where in that 
Treatife difcovers the Manner, in which they 
are to be put together. 

The Telefcope with the concave Eye-glafs 
was firft invented by a Mechanic of Mid- 
dleburg in Zeland, called Z. yoba?mides y about 
the Year 1 590, though y p Ldpfierboy, another 
Dutchman, is Candidate for the fame Disco- 
very ». From whence, this Sort of Telefcope 
is called Tubus Batavus *. 

Francifcus Fontana^ a Neapolitan con- 
tends, that he was the firft Contriver, of the 
Telefcope compofed of two convex Glaffes, 
which is now the common aftronomical Te- 
lefcope/ 5 and Rbeita pretends to be the firft 
that rendered that Telefcope fit for terreftrial 
Ufes, by adding two Eye-glafles to it *. This 
Kind of Telefcope is called dioptrical. 

t See his PerJ}>e&i*ve 9 Part III. and his Epifiola ad Parifienfet*, 
Cap. c. 

u vid. Bortflus de vero Telefcopii Inventore. ' 

x This is by fome called Galileos Telefcope, as invented by 
him ; but Galileo acknowledges* that it was upon hearing that 
the Dutchman had contrived one, that he effected his. 

y See his Obfer vat tones cceleftium terreftriumq\ Rentm. 

z Ocui Enoch & Eli*. Lib. IV. Hilt. Acad. Reg, Lib. V. 
Se&. 1, Cap. 7. 

The 
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I 
1 

The Catadioptrical or refle&ing Telefcopc 
was invented by Sir Ifaac Newton ; of which 
we fhall give a particular Defcription when 
we have explained the former Sort, and {hewn 
the Defedts of them. 

Microfcopes , are of two Kinds, Simple and 
Compound. The firft Sort confifts of one 
Glafs j the other of two or more. 



The Simple Microfcope is no other than 
a convex Lens, through which, as we have 
(hewn (Chap. vii. Prop. 3.) Objedts appear 
magnified. 

An Objedfc feen through this Microfcope 

appears magnified nearly in that Proportion 

which the Diftance, at which an Objedt would 

be feen diftindtly with the naked Eye, bears 

[ to the focal Diftance of the Microfcope. 

Thus, let AB (Fig, 73.) reprefent the Mi- 
crofcope, CD an Objeft placed at the focal 
Diftance of parallel Rays, or fomething nearer, 
that the Rays of the fame Pencil may be 
parallel to each other, or rather diverging in a 
finall Degree, whep they enter the Eye (this 
Circumftance being requifite to diftindt Vi- 
fion : ) And let the Microfcope be fo fmall, 
that all the Rays that pafs through it from 
the Objeft may enter the Pupil of the Eye 
EF at the {ame time, when placed clofe to it 
I as 
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as in the Figure (for, unlefs it be fo fmall, it will 
fcafce magnify fufficiently ta obtain the Name 
of a Micrbfcope.) Things being thus difpofed, 
the Angle under which this Obje<3: appears 
will be G1H, or CID 5 but this is nearly the 
fame it would have appeared under, had 
there been no Microfcope interpofed \ Nof- 
withftanding which, the Objedt is properly 
enough faid to appear magnified by this Mi- 
crofcope, becaufe, without that, it could not 
have been fecn diftin&ly.at fo fmall a Dif- 
tance from the Eye, but mail have been 
fituated eight or ten Inches from it; and 
therefore, fmce Obje&s appear under a larger 
Angle the nearer they are to the naked Eye, 
this pbjedt appears larger, or is magnified by 
means of the Microfcope, in Proportion as it 
is feen diftindtly at a lefs Diftance with it 
than without it; that is, nearly as the focal 
Diftance of' the Microfcope is to that at 
which Obje&s are fecn diftin&ly with the 
naked Eye b . 

a For had there been no Microfcope interpofed, the Angle 
CID would have been in the Middle of the Pupil (See the Note 
in Page 6i.)'and therefore -fomething lefs, as being farther 
from tne Obje6t; but this is an dccMentaJ-Qrcnmttwnce depend- 
ing on the Thicknefs of the Lens, .and its Diftance from the 
Center of the Pupil, and therefore not confidered in the Theory. 

b An Object will alfo appear diftind though it be fituated 
at a very final i Diftance from the Eye, by being viewed thro 1 
a fmall Hole in a piece of Paper, the Reafon of which was ex- 
plained in Note Page 64. But then • this Hole mutt be made fo 
very fmall, that, .unlefs the Object be ftrongly illuminated, it 
will apjxar very obfeurely through it. 

The 
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The Form of a Compound Microfcope is 
raprefied in the 74th Figure, where AB re- 
prefents a fmall convex Lens t whofe focal 
Diftance is fuch, that Rays flowing from the 
Point C may be CQjJedted in D; and EF is 
a larger Lens whoft Focus of parallel Rays 
coincides with the Point D-, and FG repje- 
fents an Eye fo fituated that Rays proceeding 
from an Obje& at KL may enter the Pupil 
of it, after having pafled through, both Glafle$. 
Things being difpofed in this Manner, the Ob- 
je& KL will appear magnified and alio dtf- 
tinft. 

For firft, let RCS reprefent a Pencil of 
Rays flowing from the Point C, thefe will 
meet their Axis again in the Point D by 
Suppofition, and crofling there will enter the 
Lens EF diverging from its Focus of parallel 
Rays, and will therefore enter the Pupil of 
the Eye in Directions parallel to each 
other, and concur upon the Retina at Q^ 
the Objeft will therefore appear diftinSl. 

Secondly, A Pencil of Rays flowing from 
another Point of the Objeft, as L, will meet 
their Axis in M, and diverging from thence 
will, after being refra&ed by the Lens EF, 
become parallel with refpedt to each other ; 
but with refpeft to the former they will 
converge, becaufe with regard to them, they 
diverged before they pafled through the Lens 
EF from I, a Point more diftant than its 

R Focus 
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focus of parallel Rays. They will confe- 
quently crofs them at fome Diftance from it, 
fuppofe at H, where the Pupil of an Eye 
being placed to receive them, the Point L will 
be reprefented at O. And for the like Reafon, 
the Point K being reprefented at P, the Objed: 
will be ken under the Angle PHO or EHF, 
which, as will be demonftrated in Note (e) % 
is much larger than that under which k 
would have appeared to the naked Eye c . 

That Glafs AB, which is fituated next the 
Qbjeft, is called the ObjtEi-glafi ; that which 
is placed next the Eye, the Eye-glafs d . • - 

The Proportion of magnifying, - in a Miciro- 
fcope of this Kind, is nearly in a Ratio 
compounded of the Proportion which the 
Diftance of the Image from the Object- 
glafs bears to its Diftance from the Eye-glafs ; 
and of that which the Diftance of the Ob- 

. * It may be remarked here, that when we view an Object 
through an Inftrument of this Kind, we are then in reality 
looking at the Image of that Cbjed through a fingle Micro- 
Tcope. Thus, it is MN the Image of the Object KL, formed 
by the Concurrence of the Ray* of each Pencil in their leipe&ive 
Foci, which we fee through the Lens or fingie Mitrofcope £F ; 
fo that the Addition of the Glafs AB is only that we may have 
an Image of the Objed to look at, larger than the Object itfelf. 

4 Tn fome Microfcopes there is a third Glafs placed between 
the Ooje& -glafs and the Image, and is called a Midale-glafs. 
This is placed there only to bring the Rays to a Focus thefooner, 
in order that the Image may Fall nearer the ObjecVglafa than it 
otherwise would do. 

jedfc 
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jcdt from the Eye bears to its Diftance from 
the Obje<3>glafs e. 

R 2 After 

« Lemma. Let EF (in Fig. 75.) be a Lent, whofo Focus of pa- 
rallel Rays is D ; and let Rays flowing from the Point I b; col- 
k&ftd in H j I fay, that if X be the middle of the Lem t IX will 
betoXH, asIDtoDX. 

Demonftration of th$ Lemma, On D the Focus of parallel Rays 
ereft the Perpendicular DM ; and let IE be an Incident, and EH 
a refratted Ray : then whereas Rays flowing from D, and paf- 
fing through the Lens, would after Refraction be parallel to each 
other and to DX, a Line drawn from thence through the Middle 
of the Lens ; Rays flowing from M and paffing through the Lens, 
will alfo be refracted into Lines parallel to themfelves, and con- 
fequently to MX that which pafles through the Middle of the 
Lens: confequently EH is parallel to MX ; the Triangles there- 
fore J MX and IEH are (imilar; and therefore IM is so ME as 
.IX to XH : bat IM is to ME alfo as ID to DX, the Triangles 
1MD and IEX being alfo fimilar; IX is therefore to XH as JD 
toDX. Q^E. D. 

Demonftration of ' the Profofition. To aroid the Confufion which 
night arjie from the Multiplicity of Lines in the 74th Figure, let 
only CXH and LEH, viz. the Axes of the Rays which proceed 
from the Points C and L, be reprefemed as in Fig. 75, and 
draw the Line LH, then will CHL be the Angle under which 
half the Objeft would be feen by the naked Eye at' H s but 
EHX is the Angle under which the fame Half appears when 
viewed through the Mifcrofcope. Now this Angle is to the 
former in a Ratio compounded of the Angle EHX to EIX, and 
of the fame EIX, or (which is equal to it becaufe vertical) CfL 
to CHL J becaufe the Ratio that am tnvo Quantities bear to each 
other, is compounded of the Ratio imhich thefirft bears to any other 9 
and of the Ratio which that other bears to the fecond. But the 
fi<a of thefc Ratios, <w*. £HX to EIX, is as IX to XH, or 
which, as demonftrated in the Lemma, is the fame thing as 
ID to DX % that is, as the Diftance of the Image from the 
ObjecVglafs to its Diftance from the Eye-glafs : and the other 
Ratio, vise. CIL»to CHL, is as CH to CI, that is. as the 
Diftance of the Object from the Eye to its Diftance f.om the 
Objc£Ugjkfs. Therefore, &r. Q^ E f D. 

Bat 
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After what has been feid concerning the 
Stru&ure of the Compound Mkro&ope, and 
the Manner in which the Rays oafs through 
it to the Eye,, the Nature of the common 

; qftronomical Telefcope will eafily be under- 
ftdod, for it differs from the Microfcope only 
in that the ObjeA is placed at fo great a Dis- 
tance from it, that the Rays of the fame 
Pencil, flowing from thence, may be confidered 

• as falling parallel to one another tipon the 
Objedt-glais ; and therefore, /the Image made 
by that Gkfi is looked upon as coincident 
with its Focus of parallel Rays. 

The 76th Figure will render this very plain, 
in which ABC is the Objed emitting the 
.fcverai Pencils of Rays ADF, BDF, &c. but 
fuppofed to be at fo great a Diftance from 
the Objeft-glafs e DF, that the Rays of the 
lame Pencil may be con fide red as parallel to 
each other, they are therefore fuppofed to be 

But it is proper to compare the Angle EHX with that un- 
der which the Objett would appear to the naked Eye at a Dif- 
' tance proper for diftinft Vifion ; becaufe when a raibn views 
an Object by the Help of a Micxofcope, he is often obliged to 
' place iiis Eye at a Diitance Ixcm the Objeft, very different 
. from that at whjch he would choofe to place it, were he to look 
at it with the naked Eye ; aad then, inftrad of the Diftance of 
the Objed from the Eye in the famgoitg Proportion, we^nuirt 
fubftitute the Diuance. of diftinA Vifion ; in which Cafe it will 
Hand thus : The Proportion of magnifying is nearly in 9, Ratio 
compounded of the Proportion which, the Diftanc&of the image 
from the Objt&glafs hgans to its, Xftfomce from the IJye gja£, 
art i of that which the Diftance of diflind Vifion bears' to the* 
Pi.tar.ce of the Cbjed from the CbjelUglafs. 

j collected 
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colle&ed in to their refjpedlive Fact at the 
Points Q, H, I, fituated at the foealDiftance 
of the Obje6fc-gla& DP. Here they form an 
Image, and crefling each other proceed di- 
verging to the Eye-glafs KM; whfch being 
placed at ks own focal Diftanee from the 
Points G,H,J, the Rays of each Peneii, after 
raffing through that Glafe, will become paral- 
lcUiaong themfeives, but die Pencils themfejves 
will converge confiderabfy with rcfocft to 
one another, even fo» as to erofe at P, very 
little farther from the Glafs KM than its Jfe- 
raj ; becaufe, wherf they entered the dais, 
their Axes were almoft parallel, as coming 
thfoagh the OfcgedWIafs at the Point E, to 
whofe Diftance the Breadth of the Eye-glafe 
KM in a long Telefcope bears very fojafl 
• Proportion. 80 that the Place of the E 
^ will be nearly at the fiscal Dtftance of tl 
Eye-glafs, and the Rays of each refpedSve 
Pencil being parallel among themfehres, and 
their Axes croffing each other in a larger 
Angle than they would do if the Objedfc 
were to be Teen by the naked Eye, as we 
fhall demonftrate in the Notes, Vifion will be 
diftinSt % and the Object will appear magnified. 
The' Power of magnifying in this Telefcope 
is as the focal Length of the Objeft-glafs to 
the focal Length of the Eycglais f . 

It 

f Dm. In order to prove thi?, we may confider the Angle 
AEC as that m.der which the Objeft would be fcen by the 

naked 
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It is evident from the Figure, that the vk 
fible Area^ or Space which can be Ian at one 
View when we look through this Telefcope, 
depends on the Breadth of the Eye-glafs, and 
riot of the Objedt-glafs ; for if the Eye-glafs 
be too fmall to receive the Rays GM, IK, 
the Extremities of the Objed could not have 
been feen at all : a larger Breadth of the Ob- 
jeS-glafs conduces only to the rendering each 
Point of the Image more luminous by re- 
ceiving a larger Pencil of Ray$ from each 
Point of the Object 

It is in this Telefcope as was reinarked of 
the compound Microfcope in the Notes, 
Page (174), that what we fee, when we look 
through it, is not the Objedt itfelf, but only 
an Image of it at GI : Now that Image 
being inverted with refpedt to the Objedfc, 
as it is, becaufe the Axes of the Pencils that 
flow from the Objedt croft each other at 
E, Objects feen through a Telefcope of this 
Kind neceflarily appear inverted. 

naked Eye ; for in confidering the Diftance of the Objecl, th£ 
Length of the Telefcope EP may be omitted, as bearing no 
Proportion to it. Now the Angle, under which the Objed is 
feen by means of the Telefcope, is KPM, which is to the other 
AEC, or its Equal KEM, as the Diftance EL to LP, or which 
is the fame Thing by Lemma to the foregoing Note, as EH to 
HL. The Angle therefore, under which an Object appears tp 
an Eye affifted by a Telefcope of this Kind, is to that undej: 
which it would be feen without it, as the focal Length of the 
JJbje&glafs to the focal Length of the Eye-glafi. 

This 
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This is a Circumftance not at all re- 
garded by Aftronomers, but for viewing Ob- 
jects upon the Earth, it is convenient that 
the Telefcope fhould reprefent them in their 
natural Poflure 5 to which Ufe the Telefcope 
with three Eye-glaffes^ as reprefented Fig, 77. 
is peculiarly adapted, and the Progrefs of the 
Rays through it from the Object to the Eye 
is as follows : 

AB is the Objedt fending out the feveral 
Pencils ACD, BCD, &c. which, paffing thro' 
the Objedt-glafs CD, are colle&ed into their 
refpe&ive Foci in EF, where they form an 
inverted Image, from hence they proceed to 
the firft Eye-glafs HI, whofe Focus being at 
G, the Rays of each Pencil are rendered pa- 
rallel among themfelves, and their Axes, which 
were nearly parallel before, are made to con- 
verge and crofs each other at K: the fecond 
Eye-glafs LM, being fo placed that its Focus 
(hall fall upon K, renders the Axis of the 
Pencils which diverge from thence parallel, 
and caufes the Rays of each which were 
parallel among themfelves to meet again at 
its Focus NO on the other Side, where they 
form, a fecond Image inverted with refpeft to 
the former, but direft with refpedt to the 
Object Now this Image, being feen by the 
Eye at XY through the Eye-glafs QR, affords 
a dire# Reprefentation of the Objedt, and 
under the fame Angle that the firft Image 

EF 
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* EF would have appeared, had the Eye been 
pkced at K, fuppofing the Eye~glafles to be of 
equal Convexity; and therefore the Objeft 
is feen equally magnified in this, as in the 
former Telefcope, that is, as the focal Dif- 
tancfc of the Objedt-glafs to that of any one 

• of the Eye-glafles, and appears ereSt. 

If a Telefcope exceeds 20 Feet, it is of no 
Ufe in viewing Obje&s ppon the Surface of 
the Earth; for if it magnifies above 90 or xoo 
times, as thofe of that Length ufually do, 
the Vapours, which continually float near the 
Earth in great Plenty, will be fo magnified 
as to render Vifion obfcure. 

The Telefcope with the concave Eye-glafs 
is conftruded as follows : 

AB (Fig. 78.) is an Objefit fending forth 
the Pencils of Rays ADE, CDE, &c. which, 
after pafling through the Objed-glafs, E)E, 
tend towards FG (where we will fuppofe the 
focus of it to be) in order to form an in- 
verted Image there as before; but in their 
Way to it are made to pafs through the 
concave Glafs HI, fo placed that its Focus 
may fall upon S, and confequently the Rays 
of the feveral Pencils which were converging 
towards thofe refpedtive focal Points F, S, G, 
will be rendered parallel among themfelves; 
but the Axes of thofe Pencils croffing each 
other at K, and diverging from thence, 
will be rendered more diverging, Jfuppofe inr 

the 
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the Directions LM, NO. Now thefe Rayi 
entering the Pupil of an Eye, will form a 
large and diftindt Image P Q upon the Re* 
tin a, which will be ikverted with refpedt to 
the Object, beeaufe the Axes of the Pencils 
crofs iiv K; and the Angle the Object will 
appear under will be equal to that which the 
Lines ML, ON, produced back through th£ 
Eye-glafs, form at X. 

'Tis evident, that the lefs the Pupil of the 
Eye is, the lefs is the vifible Area feen 
through a Telefcope of this Kind - s for a lefs 
Pupil would exclude fuch Pencils as proceed 
from the Extremities of the Object AB, as 
is evident from the Figure. This is an In- 
convenience that renders this Telefcope un- 
fit for manv Ufes,- and is only to be reme- 
dy'd by tne Telefcope with the convei 
Eye^glafles, where the Rays which form die 
extreme Parts of the Image are brought to- 
other in order to enter the Pupil of the 
Jye, as explained above. 

It is apparent alfo, that the nearer the 
Eye is placed to the Eye-glafs of this Tele- 
fcope, the larger is the Area feen through it % 
for, being placed clofe to the Glafs, as in 
the Figure, it admits Rays that come from 
A and B, the Extremities of the Objedt, 
which it could not if it was placed farther off. 
The Degree of magnifying in this Tele- 
fcope is in the fame Proportion with that in 

S the 
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the other, viz. as 'ther focal Diftance of the 
Objefl>giafs is to the focal Diftance of the 
Eye-glafs. 

For there is no other Difference but this, 
tiz. that as the extreme Pencils in that Te- 
lefcopfc were made to converge and form the 
Angle KPM (Fig. 76.) thefe are now made to 
diverge and form the Angle MXO (Fig. 78.) 
which Angles, if the concave Glafs in one has 
an equal refradtive Power with the convex one 
in the other, will be equal, and therefore each 
Kind will exhibit the Objedt magnified in the 
fame Degree. 

There is a Defe<a in all thefe Kinds of 
Telefcopes, not to be remedied by any Means 
whatever, which was thought only to a- 
xife from hence, viz. that fpherical Glaffes 
do not colled: Rays to one and the fame 
Point, as was obferved (Chapter in. in 
the Notes) but it was happily difcover'd by 
Sir Ifaac Newton, that the Imperfedtion of 
jhis Sort of Telefcope, fo far as it arifes 
frfcm the fpherical Form of the Glafles, bears 
almoft no Proportion to that which is owing 
to the different Refrangibility of Light. This 
Diverfity in the Refraction of Rays is about 
a twenty-eighth Part of the Whole, fo that 
the Obje<3>glafs of a Telefcope cannot collect 
the Rays which flow from any one Point in the 
Obje& into a lefs Room than the circular Space 

whofc 
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whofe Diameter is about the fifty-fixth Part of 
the Breadth of the Glafs g. Therefore, lince 
each Point of the Objeft, will be reprefented^ 
in fo large a Space, and the Centers of thofe 
Spaces will be contiguous, becaufe the Points 
in the Object the Rays flow from are fo, 
it is evident that the Image of an Objeft made 
by fuch a Glafs muft be a moft confufed 
Reprefentktion, though it does not appear fo 
when viewed through an Eye-glafs that mag- 
nifies in a moderate Degree ; confequently the 
Degree of magnifying in the Eye-glafs muft 
not be too great with refpedt to that of the 
Objeft-glafs, left the Confufion become fcn- 
fible. 

Notwithftanding this Imperfection, a di- 
optrical Telefcope may be made to magnify 
in any given Degree, provided it be of fuf- 
ficient Length ; for the greater the * focal 
Diftance of the Objed>glafs is, the lefs may 

8 To mew this, let AB, Fig. 79, reprefenta convex Ltns % and 
let CDF be a Pencil of Rays flowing from the Point D, and let 
H be the Point at which the lead refrangible Rays are collected 
to a Focus 9 and I, that where the moft refrangible concur : then, 
if IH be the twenty -eighth Part of EH, IK will be a proportionable 
Part of EC (the Triangle HI K and HEC being fimilar:) Con- 
fequently LK will be the twenty-eighth Part of FC. But MN 
will be the lead Space into whfch the Rays will be collected, as 
appears by their Progrefs reprefented in the Figure. Now 
MN is* but about half of KL, and therefore it is but about the 
fity.fixth Part of CF, fo that the Diameter of the Space, into 
which the Rays are collected, will be about the fifty fixth Part 
of the Breadth of that Part of the Giafs through which the Rays 
pals* Which was to be (hewn. 

S2 be- 
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be the Proportion which the local Diftanc? 
of the Eye-glafs may bear to that of the 
Objeti>glafs, without rendering the Image ob- 
fcure. Thus, an Qbjeft-glafs, whofe focal 
Diftance is about four Feet, will admit of 
an Eye-glafs whofe focal Diftance {hall be 
little more than one Inch, and confequently 
will magnify almoft forty-eight times: \xxt 
an Objeft-gl^fs of forty FoQt Focus will ad* 
mit of an Eye-glafs of only four Inch Focus^ 
and will therefore magnify 120 times 5 and 
an Objedt-giafs of an hundred Foot Focus 
will admit of an Eye-glafs of little more 
than fix Inch Focus, and will therefore mag- 
nify alnioft 200 timps « f 

But 

1* The Reafon of this Difproportion in their feyeral Degrees 
*pf magnifying is to |be explained in the following Manners 
Since the Diameter) of the Spaces, into which Rays flowing from 
the feveral Points of an Objed are cpliefted, are as the Breadth 
of the Objeft glafs, it is evident that the Degree of Confuled- 
nefs in the Image is as the Breadth of that Glafs (Tor the 
.Degree of Confufednefs will only be as the Diameters or 
Breadths of tjjofc Spaces^ and not as the Spaces themfelves.) 
Now the focal jLength of the Eyc-gkfc, that is y its Power of 
magnifying! muft be as that Degree f for, if it exceeds it, it 
yvill render the Confufednefs fenfiblef and therefore it muft be 
as the Bjeadth or Diameter of the ObjecVglafs. The Dia- 
meter qf the ObjecVglafs, which Is as the Square Jloot of its 
.Aperture or Magnitude, muft be as the fquare Root of the 
Power; of magnifying in " the Teiefcope, fpr imlefs the Aperture 
jtfelf be as the Power of magnifying f the Image wiH want 
Light; the fquare Root of the Power ef magnifying will be 
as the fquare Root pf the focal J)iftance of the Objed- glafs ; and 
therefore the focal Diftance of the Eye-glafs muft be only as the,, 
fquare Root of that of the Obje&glafs. So that in making 
Uif of an ObjecVglafs of a longer Focus f fuppofe than one tha$ 

it 
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But Telefcopes of fuch prodigious Length 
being very incommodious and unfit for Prac- 
tice, the cttfldioptrical or refie&ng Telefcope 
as it is commonly called, invented by Sir 
Jfdac Nvwtm> is infinitely preferable to them, 
for one of thefe, fix Feet in Length, /hall 
magnify as much as one of the other of an 
hundred. The Form of the Tube, and the 
Progrefs &f the Rays through it, are as de- 
scribed in Figure the 80th, where AfiCD is 
the Tube, BC a concave reflecting Metal, EF 
a plain receding Metal fixed to the Tube by 
Means of the Stem HI. MN represents a 
diftant Objeft emitting Pencils of Rap 
from each Point, twp only of which are here 
reprefented, and thofe cut off before they 
reach the Metal, to prevent Confufion in the 
Figure. Now it is evident from what has 
been explained above (Chap.X. Propoftt. 3. 
Cafe 4.) that thefe Rays, were they not in- 
tercepted in their Way, would return after 
Jlefle&ion at the concave Surface BC, and 

form an inverted Image at OP, fuppofing 

■ 

is given, you are not obliged to apply an Eye-glafs of a 
proportionally longer Focus than whac would fait the given 
Objecl-glafe, bat iuch a one only whofe focal Diftance (hall 
be to the food Diftance of that which will fait the given Ob- 
jeft-glafs, as the fquare Root of the focal Length of the Ob- 
jcft-glafs, you make Ufe of, is to the fquare Root of the focal 
Length of the given one. And this is the Reafon that longejr 
Telefcopes are capable of magnifying in a greater Degree 
than fhortcr ones ? without rendering the Object confuted or 
coloured. 

that 
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that to be the Place of the Focus of reflected 
Rays. But in this Cafe the reflected Rays 
are intercepted in their Return to that Place 
by the plain Metal, and are thereby thrown 
fide-ways, and, inftead of forming the Image 
OP, are made to ibrm the Image QR? 
which, becaufe the Rays have as yet fuf- 
fered no Refra&ion, is not liable to the 
Imperfection which arifes from the different 
Refrangibility of the Rays of Light, nor to 
any other except what may arife from an 
imperfedt Polifh, or the Want of the Form 
of one of the conic Sections in the Refledtor 
BC$ and therefore may be viewed by an 
.Eye at T with a very fmaU Lens or Eyer 
glafs KL, without appearing either coloured 
or confufed. 

It being inconvenient to find the Objed 
with a Telefcope of this Form, a finall di- 
optrical Telefcope with two Hairs or Wires 
run through the Tub? in the common Focus 
of the two Glafles, and eroding each other 
at right Angles, is generally fixed upon it 
in fuch a Manner that the Axis of one Te- 
lefcope fhall be parallel to that of the other, 
fo that when the Objedt appears in one at 
the Interferon of the Hairs, the other may 
be duly pofited for viewing the fame Ob- 
jed: through its Side. 

But this Method of finding an Objeft is 
very incommodious for viewing terreftfial 

Objefts, 
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Objects, and therefore the fame Kind of Te- 
lefcope has been contrived and effected in 
the foil wing Manner: 

ABCDEFGH (Fig. 81.) is the Tube, BG 
the concave reflecting Metal, with an Hole ia 
it at IK. * LM is another reflecting Concave 
fix'd to the Tube by taeans of the Stem NO, 
the, common Focus of the two Metals being 
at P. Things being thus difpofed, let QR 
rcprefent an Objeft emitting feverai Pencils 
of Rays, two of which are reprefented in the 
Figure. Thefe, after Reflection, will form 
the two Extremities of the inverted Image 
ST (as explained Chap. X* Prop. 3. Cafe 4.) 
where the feveral Rays of the fame Pencil 
crofs each other, and, beings afterwards re- 
flected by the concave Surface LM, become 
.parallel among themfelves, but the Pencils 
themfelves are made to converge, and,, croffing 
each other at V, pafs through the Lens CF, 
which having its- focal Diftance about V* 
makes the Pencils parallel, and at the fame 
Time renders the Rays of each Pencil con- 
verging, fo as to form an eredt Image WX, 
which is fcen by the Eye at Y through 
another Lens at DE. 

This Kind of Telefcope is called the Gre~ 
gorian, as being attempted by y. Gregory, 
though in vain. (See his Optica promota, 
Propofit. 59.) It is now grown common, 
and is excellently well adapted for the 
I viewing 
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viewing terreftrial Objects, becaufe a Tube 
of this Kind, of two or three Feet in Length, 
will magnify fufficiently for that Purpofe. 

If the Reader would fee a- particular His- 
tory of the Invention of ttic feveral Sorts of 
refle&ing Telefcopes, he may confult the 
JppentUx to the laft Edition of Gregory's 
Optics, where he will find a full Account 
of it, together with the Letters that paffedt 
between the Inventors themlelves upon that 
Occafion. And for fuch Authors as have ex- 
plained the Nature of Microfcopes and Tele- 
scopes in general, confult Mr. JobrfJ&n's %ye- 
fiimn Plih/oph. (^34 & 35. 

/ 
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DISSERTATION IV. 



Of the Rainbow. 

BlEfore the different Refrangibility of Light 
was difcovered, all Attempts to ac- 
count for the Appearance of the Rainbow 
proved ineffectual * for it is no other than 
the Diverfity of Refrangibility to which that 
Pb&nomenon is to be alcribed : as will ap- 
pear from the following Explication of it j 
in which, becaufe it is a Phenomenon not 
eafily apprehended by Beginners, I hope to 
be excufed, if I am more than ordinarily 
particular. To begin then : 

The Rainbow is never feen, but when 
the Sun fhines upon Drops of Rain falling 
on that Side of the Spectator which is oppofite 
to the Sun. 

To illuftrate this, let A (Fig. 82.) repre- 
fent the Eye of a Spectator, and let B, C, D, E, 
be a Series of Drops of Rain falling from 
a Cloud, on which let the Sun be fuppofed 
to fhine from the Parts about S, &c. then 
will there be exhibited the Appearance of 
a Rainbow in the Cloud $ and it will be 
formed as follows. Let SB, SC, SD, &c. re- 
prefent the Sun's Rays, which (becaufe of 
the Sun's great Diftance) we will fuppofe 

T parallel j 
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parallel ; and let the Ray SC fall upon the 
Drop C at the Point C : then will fo much 
of it as enters the Drop be refradfced to- 
wards the Perpendicular, and proceed on, 
fuppofe to F, where Part of it will be trans- 
mitted, and Part rcfle&ed, fuppofe to G i : 
Of that which is reflected to G, fome will 
be there reflected and fome tranfmitted 5 
that which is tranfmitted will, on account 
of the Diverfity of Refrangibility to which 
Ligjht is fubjedt k , be feparated by Refra&ion, 
and made to exhibit the feveral prifmatic 
Colours, viz. Red, Orange, TelloWj&c. And 
if the Red Light proceeds from the Drop in 
the Line GR, the Orange, fuffering a greater 
Degree of Refradtion, will proceed in one 
fituated above this, fuppofe in GO, and the 
n/tow in'GY, &c. and the Violet An GV \ 
therefore, to an Eye placed any where in 
the Line GR, the Drop C will exhibit a Red 
Colour, that is, the Cloud will appear Red in 
that Place. To an Eye placed any where 
in the Line GO, the lame Drop would ex- 
hibit the Idea of Orange Colour, and fo on 
through all the Colours of the Prifm. . 

Now, let us confidcr the Paflage of a Ray 
of Light through another Drop at a certain 
Diftance below this, viz. the Drop D, on 

* See the Manner in which Light is reflected, Chap. vm. 
k See Chap, x z. 

which 
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which let SD be the incident Ray. This 
Ray, 'after having J>een refradted and reflected 
as the former was in the other Drop, will 
emerge feparated into the Rays HR, HO, HY, 
fife, of which, if HR exhibits the Red, HO 
will paint the Orange \ HY the Tillow, &c. 
and HV the Violet Colour; and the Ray in- 
cident upon this Drop being parallel to that 
which was incident upon the former, the 
Rays, exhibiting the feveral Colours feparated 
by this Drop, will be refpedkively parallel to 
the Rays exhibiting the correfpondent Co* 
lours feparated by means of the other Drop ; 
that is to fay, the Ray HR, which exhibits 
Red in this Drop, will be parallel to the Ray 
GR, which exhibits the tome Colour in the 
other Drop $ and fo of the other correfpond- 
ing Colours. Confequently the Rays HO, H Y, 
&c. which exhibit Orange, Yellow^ ©V. in 
this Drop, will all converge towards GR, which 
exhibits Red in the other : and therefore 
each of thefe would crofs that, if produced 
far enough. Let then the Ray HV in the 
Figure before us, which exhibits Violet in this 
Drop, be produced till it crofles that which 
exhibits Red in the other produced alfo, fupr 
pofe at the Point A where the Eye of the 
Spectator is placed. To this Eye therefore, 
upon this Suppofition, will be reprefented ir* 
the Cloud at the fame Time two of the 
friftnatic Colours, viz. Red and Violet, the 

T 2 Red 
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Red above at G, and the Violet below 
at H. But if we fuppofe the Eye placed 
farther back, where a Ray, that exhibits an- 
other Colour in the Drop D, would crofs the 
Ray GR, or which comes to the fame Thing, 
if we fuppofe the Drop D fo much nearer to 
the Drop C, that that Ray may, enter the Eye 
along with the other at A ; then would the 
Colour of that Ray be exhibited along with 
the Red. For Inftance, if the Drop D be 
placed fo much higher, that the Ray HO 
which exhibits Orange, may crofs the Ray 
GR at A, then to the Eye will be exhibited 
the Colours of Red and Orange ; and if there 
be a thijrd Drop below this, fo placed that 
the Tellow proceeding from it fhall enter the 
Eye alfo at the fame Time, then will three 
of the prifmatic Colours appear to that Eye, 
land fo on for the other Colours, till the Si- 
tuation of the Drop be fuppofed as low 
.as where the Drop D is, and then the Violet 
and moft refrangible JLight is tranfmitted to 
the J2ye 5 but from Drops below this, no 
Colour is tranfmitted thither, all the Rays 
which iflije from a lower Drop, as E, pafling 
frelow the Eye. And as thofe Rays, which 
pafs through the lower Drops, are too low 
for the Eye at A, fo thofe which come 
from the higher ones, as B, are too high, 
as appears by Infpe&ion of the Figure ; fo 
that there \s pothing but total Dai'knefs both 

I abovs 
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above and below. Now fince the Colours of 
the Rainbow are the fame with thofe of the 
Frifm, it is evident, from what has been faid, 
that between the Points G and H, all the Co- 
lours of that beautiful Phenomenon will appear, 
provided a fufficient Number of Drops be fup- 
plied from the Cloud, to prevent any Hiatus or 
Deficiency in the Light reflected by them. 

But we have hitherto tacitly fuppofed, that 
the Rays SB, SC, SD, &c. were all incident 
with the fame Degree of Obliquity upon the 
Surface of each Drop (that is, that they enter- 
ed at the lame Diftance from that Point in the 
Surface of each Drop which is neareft the Sun) 
and that that Obliquity was certain and deter- 
minate : For Rays which enter the Drops with 
other Obliquities conduce nothing towards ex- 
hibiting the Colours of the Rainbow, and are 
j therefore to be looked upon as ineffeSfual and 
injignificant. The Truth of which we fhall 
now proceed to (hew. After this, we (hall be 
enabled to explain the remaining Particulars 
relating tp the Bowl 

Let then SA, SB, SC, &c. fFig. 83.; re- 
prefent the Sun's Rays falling upon the Drop 
XY, the firft perpendicularly to the Surface of 
it, the other with different Degrees of Obliqui- 
ty, according tp their different Diftances from 
the firft ; and let the' Point at which the two 
firft, viz. SA and SB, would meet by means 
of that Refra&ion which the oblique one SB 

fuffers 



Li 
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fuffers in paffing through the firft Surface of 
the Drop, be H. Now it was remarked (Chap. 
III. Obfervat. 2. in the Notes) that when 
parallel Rays fall upon a convex Surface, the 
nearer any one of die oblique ones is to that 
which enters the Surface perpendicularly, the 
greater (hall be the Diftance at which it will 
meet the perpendicular one after Refra&ion at 
that Surface; that is, in the prefent Cafe, that 
the oblique incident Ray SB (hall after Refrac- 
tion at B, (fuppofing it to pafs through the fe- 
cond Surface of the Drop without Refraction) 
meet the perpendicular Ray SA produced at a 
greater Diftance than SC (hall ; and SC (hall 
meet it at a greater than SD (hall; SD at 
a greater than SE, &c. H then being fuppoied 
to be the Point where SB meets SA, let I be 
that where SC, K that where SD, L that where 
SE, M that where SF would meet it, &c. 
From whence we may obferve, 

That the farther we take the Rays from 
SA, the nearer are the Points which the re- 
fracted Rays fall upon the fecond Surface of 
the Drop lituated at X, till we come to the 
Ray SD ; after which, the farther we take then* 
from SA, the farther the Points they fall upon 
are from X. For Inftance, the Ray SB falls 
upon N ; SC upon O j SD ujjon P 1 but SE 
does not fall beyond P, but upon O, and SF 
upon N„ &c. So that upon every Point below 
P there are two Rays incident j and the one of 

then* 
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tbem is fuch as enters the Drop on one Side of 
the Ray SD, and the other on the other ; and 
the farther from it the one is on the one Side f 
the farther the other is on the other ; and alfo 
the farther they are from it, the farther the 
Point they meet at is from P. Thus SC and 
8E meet at O, the Rays SB and^SF at N, &c. 
The Ufe of which Observation we (hall fee by 
and by. But let it be remembered, that I would 
be understood here and in what follows of the 
Rays of one particular Colour only. 

Now it is remarkable, that when two Rays 
fell upon a Drop, and at their Entrance are fo 
fefra&ed, as to meet in a Point at the other 
Surface, and are from thence reflected to fome 
other Part of the Surface, and there pfs out 
of it; they fhall after fuch Emergency nave the 
fame Inclination towards each other, that they 
had before they entered the Drop. To explain 
this, let AB, CD, (Fig. 84.) reprefent two 
Rays incident upon the Drop BEF, and let them, 
after Refraction at B and D, meet at the Point 
E, from whence being refle&ed, let them paft 
out at F and G, and be refra&ed into the Lines 
FH and GI; then whatever Inclination the 
incident Rays AB, CD, have to each other, the 
emerging Rays FH and GI will have the fame. 
Becauie the Angles of Incidence and Reflection 
at E being equal, the Rays EF and EG will 
have, the fame Inclination to each other, and to 
the Surface at F and G, that the Rays EB and 

ED 
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ED have to each other, and to the Surface at 
B and D. For if we conceive all thefe Rays 
to flow from the Point E as a Radiant, and BA> 
DC, to be the refra&ed ones of the incident ones 
EB, ED, as FH and GI are of EF and EG, 
it is evident, that under thefe Circum fiances, the 
Rays BA and CA- will have the fame Inclination 
to each other, that FG and HI have ; but the 
Degree of Refraction is the fame, whether EB 
and ED, or AB and CD, be the incident Rays ; 
becaufe the refractive Power of the Drop is the 
fame, whether the Rays pafs one Way, or the 
other. The Propofition therefore is true. 

From hence it follows, that the parallel 
Rays, SB, SF, (Fig. 83.) which after Refra&ioa 
meet at the fame Point N, will if they are 
from thence reflected, fuppofe in the Lines N Q> 
NR, become parallel to each other, after their 
Emergency, fuppofe in the Lines QT, RV : 
But their intermediate ones SC, SD, and SE, 
which fall upon quite different Points at the 
Second Surface of the Drop, and are from 
thence reflected, will not do fo, but will go out 
in Directions oblique to one onother and to 
them; and will therefore pafs on, not only a 
different Way from them, but from one ano- 
ther : So that the Rays QT and RV will be 
left to themfelves, being deprived of their in- 
termediate ones, by which Means they are 
rendered, as to all Intents and Purpofes of Vi- 
fion, entirely ufelefs and infignificant. 

Again, 
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Again, the Rays SC and SE, which meet 
at the Point O, will alfo be parallel among 
themfelves after their Emergency from the 
Drop, but their intermediate ones will pafs off 
another Way, though not fo obliquely, with 
refpedt to them and to one another, as thofe 
in the foregoing Cafe; becaufe the feveral 
Points they fall upon at the fecond Surface 
of .the Drop, being iituated between O and P, 
are nearer to each other, than the Points the 
intermediate Rays fell upon, in the former Cafe, 
were to N. 

But foch as are . incident very near SD on 
each Side of it, Will with their intermediate 
ones all fail upon, Or at an* infenfible Diftance 
frond the Point P i fo that thefe, after their 
Emergency, will $11 .pais on parallel, or very 
nearly fo, to each other ; and therefore when 
they enter the Eye of a Spe&ator, though he 
be at a coftfidefabie Diftancd, will afFeft him 
fenfibly fenough to excite the Idea of their 
own Colour (for as was obferved above, I 
fpeak now only of Rays of one Colour) which 
the other Rays confidered .in the foremen tioned 
Cafes, for Want of their intermediate ones, were 
too weak to do, however near the Situation of 
the Eye might be. Thefe therefore are the 
only Rays that exhibit the Colours of the Bow, 
and are hence called in Contradiftindtion to fuch 
as enter at other Points of the Drops, that is, 
with other Obliquities, effectual or jignificant. 

V It 
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It was proper therefore, in the Explication a- 
bove, to fuppofe none to enter the Drop, but 
thefe. As to the Degree of Obliquity with 
which Rays muft fall upon the Drops to be- 
come effectual, the Method of finding that 
will be fhewn in the next Note. 

Since then the effedtual Rays enter each 
Drop with the fame Degree of Obliquity (I 
ftili mean fuch Drops as exhibit the fame Go- 
lour) the emerging Rays muft neceflarily make 
the fame Angle with the incident ones in every 
Drop. The Magnitude of which (hall be de- 
termined in the Note below*. That is, the 
Angle which the Ray SC (Fig. 82.) makes with 
the emerging Ray OR which exhibits Red, will 
be the fame in all the Drops that exhibit 
that Colour , and fo of the reft. Let then the 

Line 



* We ape here to determine the Angle, which an incident 
efficacious Ray of any Colour majces with the emerging Ray of 
the fame Cofo r. In order to this, let AB, CD, (Fig.. 84.) be 
two Rays incident upon the Drop BG, and let them be refracied 
to E, and after Reflection there, and a fecond Refraction at F and 
G, fee them emerge in the Lines FH and Gl, inaking with the 
incident ones the Angle AKJ, which is the Angle to be deter- 
mined. 

Let us call the Ratio, which the Sine of the Angle of Inci- 
dence bears to that of the Angle of Refraction, I to R. Then 
from the Center L to the Lines BK» BE, and DE, draw the Lines 
LM, LN, and LO, refpedtively perpendicular, and with the Ra- 
dius LO defcribe the Arch OP, and draw the Line LB, and pro- 
duce it to Q. Then will ABQ* or its Equal LBM, be the 
Angle of Incidence of the Ray AB, and LM its Sine : LBN wjll 
be the Angle of Refraction, and LN its Sine : Likewife LR will 
be the Sine of the Angle of Incidence of the other Ray CD, and 
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Line AI be fuppofed to be drawn from the 
Sun through the Eye of the Spedator. This 
Line, becaufe of the Sun's immenfe Diftancd, 
will be parallel to the Sun's Rays SB, SQ SD j 
and therefore the Angle GAI which this Line 
makes with any one of the emerging Rays, for 
Injftance GR, will be the fame that the incident 
one makes with it* Let us then imagine the 
Line AI fixed! and the Line AG to revolve 
round it* always making the fame Angle with 
it ; then will the Line AG defcribe the Surface 
of a Cone whofe Jlpex will be at A, and its 
Axis AI, and the Surface of this Cone will 
in all Parts of it make the fame Angle with 
the Sun's Rays, becaufe they are parallel to 

U 2 one 



Therefore from the fifth,fixth, 
and feventh Steps, we have 



5 
6 



8 



LM:LN::I:R 
LR : LO : : I : R 
LG—LP 

LR:LPj:I:R 



LO the Sine of its Angle of RefraAiori. We ihall therefore have 

for the firft Step of the following Procefs 

this Proportion, viz. 

And for the fecorid 

But by Construction , 

Therefore from the 2d and 3d 

Steps 
Now if we fabftraft the two 

firlt Members of the fourth 

Step from the two firft of 
. the firft Step refpe&ively, 

by which Means the Pro- 
portion between the Terms 

will not be deflroyed, we 

fhall have 
fiat by the Figure 
And ■ 



LM—LRtLN-LP::i:R 
LM— LR«MR 
LN— LP— NP 



MR:NP::I:R 



Parallel 
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one another, and to the Axis of the Cone 5? 
therefore Drops of Rain, whatever Part of this 
Surface they pafs through in falling, will, in tiie 
Inftant of Time that they pafc through k, fend 
a red Ray towards the Eye of the Spectator $ for it 
is not neceffary that the Drops Should be all at 
the fame Diftance from the Eye. In like man- 
ner Drops of Water, paffing through the Surface 
of a lefler Cone made by the Revolution of the 
Line HV about the Line AI, will exhibit Vh~ 
let 5 and fo for the intermediate Colours. So 
that the Rainbow, were we to fee k entire, 
would be a compleat Circle having its -Center 
in the Litfe AI, and consequently diredtiy op- 
pofite to the Sun with refpedt to the Spectator's 

Eye. 

: Parallel to BE draw the Line DX, and on the Lines DR and 
DX let fall the Perpendiculars £T and BX, from the Point B. 
Then, becaufe we fuppofe the Rays AB and CD efficacious ones, 
and therefore infinitely near one another, the little Triangles BTD, 
BXD, and NOP may be confidered as right-lined ones, and the 
latter, <viz. NOP may- be alfp looked upon as right-angled at P. 
Upon this Suppofition, the Triangles BTD and BLM will be fi- 
milar, fir they are right-angled at T and My and the Angles DBT 
and MBL want each the fame Angle TBL to make either of them 
right, they are therefore alfo enual. For the like Reafon the Tri- 
angles DBX and BNL are fimilar, being right-angled at X and 
N, and wanting equally the Angle XBL to make their Angles at B 
right ones. But to the Triangle BDX the Triangle NPO is alfo 
fimilar, fir they are right-angled at P andX, they have their Sides 
UP and BX parallel, as being each perpendicular to the fame Lint 
BE ; and their Sides NO and BD are alfo parallel, becaufe the 
Points N and O, where the Perpendiculars LN and LO full, muft 
he in the Middle of the Lines BE and DE. Farther, fince the 
Lines BE and DE are coincident at E, and the Points N and O 
are in the Middle of each, BD is double of NO ; and confe- 

cjuently, 
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Eye. *Fhe Reafon that it does not appear fuch, 
isbeeaufethe Sitn when the Rainbow is feen, 
is ** or ufow the Horizon, and therefore the 
Center of die Bow being oppofite to it, is in 
or bekw it, on the other Side the Spectator. 

Since the Angle made by the Line SC with 
<GR, or which is the feme thing, GR with AI 
-is 42 Degrees apd two Minutes, as determina- 
ted in the Note, it's evident that when the Sun 
is in the Horizon, *he higheft Point of the Bow 
is 42 Degrees and two Minutes above the Ho- 
rizon. 



qaently,' the Triangles NOP and BDX beiqg firoilar, BX is 
double of NP. From all which ^ve have (he following Steps, 



<utm. . 
And 

By comparing thefe two toge- 
ther * 
fiat by Conftru&ion 
And, as was juft now fhewn, 
Confeqaeody from the three 

laft Steps 
Bat by the eighth Step 
Therefore from the laft 
Confeqoently from the four- 

teenth and fixtcemh Step 
Bat from the firft Step 
Therefore from the two laft 
And by changing the Places 
of the mean Terms in the 
laft Step 
And by fquaring each Term 
From whence by comparing 
the Antecedents and Confe- 

2aents with the Antece- 
ents we have 



9 
10 

• 

11 
12 

* 

16 

id 
19 



20 
21 



BL:BM ::BD:BT 
BL:BN::BD:BX 

BM:BN::BT:BX 
BT==MR 

RX=2NP 

BM:BN::MR: 2 NP 

I:R::MR:NP 

I;2R::MR:2NP 



22 



BM:BN::I:2R 
LM.2LN ::I:2R 
BM:BN::LM:*LN 



BM : LM : : BN : 2 LN 
BMq : LMq : : BNq : 4 LNq 



BMq+LMq;BMq:: BNq 
+ 4 LNq:BNq 



Bttt 
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rizon, for then the Line AI is parallel to it $ and. 
as the Sun rifts the Height or the Bow dimi- 
nifhes, and with it the Portion that is vifible, till 
it is 42 Degrees and two Minutes high j after 
which the Bow appears no more, becaufe then 
the Point I is above 42 Degrees below it. 

The Phenomenon, we have been explaining, 
conftitutcs what is called the primary or inte- 
rior Bow ; there is alio another exterior to this* 
whofe Colours are much more dilute and faint, 

which 



Bat becaufe theTriangle BML 
i* right angled at M 

And for the like Reafon 
BNq 4- LNq is equal to 
BLq, therefore 

Therefore from the three laft 
Steps 

But BLN being a right-angled 
Triangle 

Therefore from the two laft 
Seeps 

Now becaufe BML is a right- 
angled Triangle 

Therefore from the* two laft 
Steps 

And fubftraaing the two firft 
Terms, «w«. BLq and BMq 
out of the two laft Terms 
respectively, we have 

But by the firft Step 

Therefore fubftituting I and R 
in the Room of LM and 
LN in the 30th Step, we 
feavc 
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*5 

26 

*7 
28 

*9 



BMq+LMq*BLq 

BNq+ 4 LNq=BLq + 
3 LNq 

BLq : BMq : : BLq-f 3 LNq: 
BNq 

BNq«BLq — LNq 

BLq : BMq : : BLq+ 3 LNq: 
BLq-£Nq ^' H 
BLq»BMq4-LMq 



B 



Lq : BMq :: BLq+ 3 LNq 
BMq+LMq— LNq 



30 
3* 



32 



BLq : BMq : : 3 LNq: LMq 

— LNq 
LM:LN ::I:R 



BLq: BMq ::jRq:Iq— Rq 

The 
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which for that Reafon is called thtfecondary Bow. 
The Progrefs of the Rays of Light through the 
Drops of Water, in forming this, is as follows. 
L^t A (Fig. 85.) represent the Eye of a 
Spe&ator, SB and SC two of the Sun's Rays 
entering the Drops, as expreffed in the Figure, 
and after being twice reflected in each Prop, 
viz. at P and D, let them pafs out, the one 
at E, the other at F, by which Means they will 
be feparated into their homogeneous Colours, 
the Violet and mod refrangible Light being 

The Propprtipn therefore which tjie Sjne of the Angle of la- 
cidence bears to that of the 4 D gj e °f Refraction, when Rays of 
any particular Colour pais out of Air into Water, being known, 
the Proportion, which the 'Radius BL bears to BM, will be there- 
by determined i and therefore the Angle BLM, of which BM is 
the Sine, will alfo be known, and therefore alfo the Angles LBM, 
which is equal to ABQ, the Degree of Obliquity wherewith the 
efficacious Rays enter the Drop. But the Line BM being known, 
die Line BN may be alio had by the 1 7th Step, and therefore 
alfo the Angle BLN of which it is the Sine, and therefore the 
Angle LBN too, or its Equal LEN ; and therefore alfo the 
Complement of this laffc to two right ones, viz. KEB. If now 
we fubftraft the Angle LBN out of LBM, we gain the Angle 
EBK, and confcqucntly the third Angle in the Triangle EBK 
may be from hence known, *viz. the* Angle BKE. Now if we 
double this, we have the Angle AK1, which was the Angle 
fought. 

If a Computation be made after this Manner with the Rath 
of ip8 to 81 for which is the fame thing) that of 4 to 3, for 
the AtJRays, the Angle AKI (that is, the Angle GAI in Fig. 82.) 
vill be found 42 Degrees and 2 Minutes ; and if we ufe the Pro* 
portion of 1 09 to 8 1 , which is the Proportion of Refraction in the 
Violtt coloured Light ? the Angle AKI (or HAI in Fig. 82.) will 
be 40 Degrees 17 Minutes. And the Difference between thefe 
two Angles (that is, the Angle GAH in Fig, 82.) will be the 
Bicadth of the Bow. 

» 

conveyed 
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ponveyed from the uppermoft Drop to the Eye 
at A in the Line E V ; while the Red, and kaft 
refrangible, is carried from the lower one ia 
the Line FR r and the intermediate Colours 
from the intermediate Drops: So that in 
this Bow the Colours will be in an inverted 
Qrder, with refpedt to thofe of the other/ 
the Red being the innermoft in this, which 
ivw the outermoft in that. The Colours in this 
jvili be more dilute than in that, becaufc thd 
|lays in this iuffer two Reflections, . in that but 
one j and the Angles, which the incident Rays 
iri this make with the emerging oftes, are larger 
than the like Angles in the other, as fhall be 
ejetermined in the next Note, viz. $o Degrees 
§j Minutes for the Red y and 54 Degrees 7 Mi- 
mites for the Violet ; this Dow therefore is ex«r 
terior to, and encompafles the former. 

As to the Means by which Rays of Light 
become efficacious in the Formation of this Bow, 
it is exhibited in Figure 86. where A B, CD 
reprefent two parallel Rays incident with fuch 
Obliquity upon the Drop f that they fhall crof$ 
each other before they reach the other Side $ 
which that it is poffible appears from what wa$ 
faid, with regard to the Progrefs of the Rays 
through the Drop XY in Figure 83. Let them 
then crofs in the Point E fuch, that after Re- 
flection at F and G they may become parallel^, 
foppofe in the Lines FH and GI, then from 
the Nature of the Circle it is plain, that after 

Reflection 
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Rcflc&ion at H and I they will crofs again, 
foppofe at K, and after Refraftion at V and W, 
vr& become parallel as at firft. And fuch of 
tfaefe as alfo enter fo very near one another, thaft 
their intermediate ones may fuffer the like Re- 
flations and Reflexions with themfelves, will 
he the efficacious ones, and exhibit the Idea of 
their own Colour, at a confiderable Diftance 
from the Drop. What the Obliquity is with . 
which theie muft enter the Drops, and the 
Angle the emerging ones of each particular 
Colour will make with their incident ones, (hall 
be determined in the Note below K 

X; Now 

* The Progress of the efficacious Rays through the Drop BH 
(Fig. 86.) being as explained above, it is evident, becauie the 
Angles of Incidence are every where equaj tp the Angles of Re- 
fledion, that the Lines BG, GI and IW are all egual, ami 
therefore the Arches BG, GI, and I Ware fo too; and likewife, 
that the Lines DF y FH, and H V are equal, and therefore alio 
the Arches DF, FH, and HV : It is alfo apparent, that the 
Arch FG is equal to HI, therefore FG is half the Difference be- 
tween the Arches FH and GI, and consequently it is half the 
Difference alfo between the Arches FD and GB which are refpeA* 
tirely equal to thefe. Now» the whole Difference between thefe 
Arches is what remains when FG is taken from BD, therefose 
the Remainder when FG is taken from BD is double of FG, 
consequently FG itfelf is bat one tSrird Part of BD ; for, if when 
one Quantity is taken from another, the Remainder be double to 
the Quantity taken away, it is plain that other muft contain 
the Quantity taken away three times. 

Now the Rays AB and CO being fuppofed infinitely near one 
another, the curvihneji Spaces BED, and FHG m*y be c0nfider*d 
ts fimilar Triangles, aradjherefore EG is equal to a third Part of 
UB, confequently N (the Point where the. Perpendicular LN 
fells upon BG) being the- middle Point of the Line BG, EN i? 
equal to EG, and therefore alfo a third Part of E8. 

If nov as in the 84th Figure, the Triangles BTD and BXD be 
formed, as alfo the Triangle NOP, NO will be a third Part of 
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Now if we Imagine the Lines EA and FA 
(Fig. 85.) to revolve about the Line AI which 
pafles through the Eye of the Spe&ator and the 
Center of the. Sun as before, and always to 
make the fame Angles with it at A, they will 
defcribe the Surface of two Cones, in the larger 
t)f which will be iituated the Drops that ex-r 
hibit Violet, and in the lefler thofe which 
exhibit Red. So that this Bow alio, were it 
to appear intire, would be a compleat Circle, 

an4 



BD f and NP a third Part of BX. 
mer Procefs at the 1 ith Step, we 

By Conftru6tion 

And by what was jail obferv'd 

Therefore from the three lad 

Steps 
Bat by tjie eighth Step 
Therefore from the laft 
Confequently from the 14th 

and 1 6th Steps 
But by the firft Seep 
• Therefore from the laft 
Therefore from the 17th and 

19th 
'Or by changing the Places of 

the mean Terms in the lad 
. Step 

And fquaring the Terms 
Therefore by comparing the 

Antecedents and Confe- 

quents with theAntecedems, 

we have 



Bat by the Figure 

Mi . 



11 

12 

13 



■4 
16 



'7 

18 

"9 



20 



21 
22 



23 

24 
2 S 



Therefore refumiqg the for.; 
may proceed as follows, 
BM :BN::BT : BX 
BT=~MR 
BX^NP 

BM:BN::MR:3NP 
I : R :: MR : NP 
I : j R : : MR : 3 NP 

BM:BN :: I: 3R 

LM:LN::I:R 

LM:3LN::I:3R 

BM:BN::LM:3LN 



BM-. LM::BN: 3 LN 
BMq : LMq : : BNq : 9 LN<| 



BMq + LMq:BMq::BNq 

+ 9 LNq : BNq 
BMq-f LMq^BLq 
BNq +9 LNq=*BLq + 

8 LNq 

Therefore 
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and the feveral Cones* through whofe Surfaces 



Therefore from die three laft 

Bat by the Figure 
therefore from the two lift 

1 

feat by the Figure 
Therefore from the two laft 



Arid fubftraclirig the two firft 
Terms out of the two laft 
Terms, we have 

Bat by the firft Step 
Therefore 



26 



27 
28 



29 

30 



3* 
33 



BLq : BMq :: BLq + 8 LNq 

BNq 
BNq = BLq— LNq 
fiLq i BMq : : BLq + 8 LNq: 

BLq — LNq 
BLq *= BMq + LMq 
BI4 : BMq : : BLq + 8 

Ltiq: BMq + LMq — • 

l*Nq 



BLq-.tiM ::8LNq:LMq-* 

LNq 
LM : LN : I : R 
BLq:BMq:: 8Rq:Iq — Rq 



Now the Proportion of I to R being known, the Proportidn 
which the Radius BL bears to BM is had by the laft Step. But 
to avoid the Confufion which a Multiplicity of lines may oc- 
cafion, let the 86th Figure be transferred to the 87th with as 
many Lines as (hall be neceflary* in which let AB be the , in- 
cident Ray, BG the refracted one as before. Then* becaufe the 
Proportion between BL and B\i is known, the Angle LBM may be 
hid, which is equal to ABQ, the Meafure of the Obliquity with 
which the efficacious Rays enter the Drop; and thereforb 
ajfo its Complement to two right ones SBL. And the Line 
BM being known, the Line BN may be had, becaufe by the 
17th Step BM is to BN as I to 3 R* and therefore alfo the Angle 
LBN, or its Equal LGB, and confequently BLG the remaining 
Angle of the Triangle BGL ; but to this is equal the Angle 
GLH or HLVj and if thefe three be added together, and 
their Sum taken from four right ones, it will give the remaining 
Angle about the Center, *;/*. VLB, which being halved, gives 
the Angle SLB ; but the* Method of determining the Angle SBL 
was fliewn before, and therefore LSB the remaining Angle of the 
Triangle LBS, may be ha:;* which Angle doubled gives the 
Angle VSS or its Equal ASY, which is the Angle fought. . 

If a Computation be made after this manner witfi the Ratio 
•f 108 to 81 for the Red Rays, this Angle will be found to be 
50 Degrees $7 Minutes ; if with 109 to 81, for the Violet, it 
will be 54 Degrees 7 Minutes > and the Difference, viz. 3 
Degrees 10 Minutes, will be the Breadth of the B<nv> 

X 2 the 
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the Drops as they form the Colours of k pafs, 
having one common Axis AI with thofe in 
whofe Surfaces the Drops forming the Co- 
lours of the other Bow were placed, this will 
be exterior to, and concentric with it, and 
will therefore furround it, as obferved above. 

As Rays of Light when they arrive at the 
Surface of a Drop of Water never all pafs out, 
but are in Part reflected and in part refra&ed, 
k is evident that fome Rays will pafs out of 
each Drop after having fuffered three Reflec- 
tions, fome aftel four, Gfc. thefe alfo will con- 
ftitute Rainbows-, but becaufe the greateft Part 
of the Rays will be loft in fuflfering fo many 
Reflections, that Rainbow, which is made by 
three Reflections, is fcaree ever feen, much kfs 
fuch as are made by more, &c. 

It is evident, that fince the Line AI, viz. 
the common Axis of die Cones, on whofe Sur- 
faces the Colours of the Bow are formed, pafles 
through the Eye of the Spectator, no two Per- 
ions can fee the fame Bow at the fame Time, 
or rather, that the Rainbows, feen by two Per- 
fons at the fame Time, are formed^ in diffe- 
rent Drops of Rain and in different Parts of* 
the Heaven ♦ 

Accordingly, if a Perfon obferves the Dew 
as it hangs upon the Grafs when the Sun 
ihines, he fhall fee the Colours of the Bow in 
the Drops of Dew; but as he walks along, 
the Colours fhall remove from Drop to Drop* 

Some- 
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Sometimes the lower Part of the Bow fhall 
! appear upon the Ground, and the upper 
' Part of it not at all, and then it looks 
like a Rainbow lying along the Ground 

# with the Extremities of its Legs turned 

• upward into the Air: This is when die Sky 
is clear towards the Sun, but foggy on the 
oppofite Parts, and only to a fixiaU Height 

., room the Ground 

The Moon fometimes occasions the Ap- 
pearance of a Rainbow after the fame Man* 
ner that the Sun does, but the Colours arc 

; much more faint and dilute. 

And laftly, if Water be continually thrown 

up into the Air oppofite to the Sun, as from 

a Fountain, and there breaks into fmall Drops, 

J the Appearance of the Rainbow will be ex* 



» 



1 



hibited in diem. 



See more on this Subject in Antonius de 
( Domini s de Radii s Vifus & Lucis; and the 
Authors referred to by Mr. Jobnfon, in his 
JPbibfopb. $#aft. Chap, vi i. Q^ 45 & 46. 
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Of the Obfcura Camera and tkt 

Magic Lahthorri* 



TH E Obfcura Cameta is of twcf Sorts % 
the one is no other than a convex Lens 
fixed in an Hole in a Window-fhutter, 
which Lens, when no other Light is per* 
mitted to enter the Room except what paffes 
through it, will reprefent all the external 
Objects that are vifible through that Hole 
upon a white Paper held at the focal Dis- 
tance of it, painted in their proper CblourSi 
To illuftrate this, let AB (Fig.* 88.) repre* 
fent a Window-fhutter, CD a convex Lens 
fixed in an Hole therein, and let EF be an 
external Objeft; then will this Objed emit 
Rays of Light of its own Colour from each 
Part, whifch paffing through the Lens, as the 
Figure reprefents them, will be colle&ed jnt6 
Ppints at GH, and being there received upon a 
white Paper or other Surface, will reprefent the 
Object painted in its proper Colours, which 
' Colours will be the ftrongeft of all when 
the Sun fhines upon that Side of the Objedfc 
that is next the Glafs. But the Reprefen- 
tation will be inverted, becaufe the Pencil 
of Rays that flow from the Object crofs in the 
Middle of the Glafi< 

4 

The 



1 



and the Magic Lanthorn. an 

The other Sort of Obfcura Camera is that 
which is called the Portable one, and is of 
Ufe in drawing Pictures, taking Landlkips, &c. 
It is contrived after the following Manner, 
AIKB (Fig. 88.) is a Box, in an Hole in whofe 
Side the Lens CD is fixed for rather at the 
Extremity of a fhort Tube fixed in that Hole) 
and in the Situation LM is fixed, a Piece of 
Looking-glafs making an Angle with the Side 
of the Box of 45 Degrees; this, receiving the 
Rays in their Pafiage to . GH, throws them 
upwards, and caufes the Reprefentation to 
be made in NO, which is there received upon 
the under Side of fome thin Subftance PQ, 
that is in a fmall Degree tranfparent, (as thin 
Paper or Glafs about half polifhed) and fo upon 
opening the Box appears ready to be drawn 
or copied out. But that the Colours may ap- 
pear ftrong, the Light, when the Box is open- 
ed, muft be kept from falling upon the Paper 
pr Glafs, as much as may be. . . 

• 

The Magic Lanthorn is an Inftrument in* 
vented by Kircber, in order to reprefent 
Obje&s much larger and more luminous than 
they are. It is no other than a dark Lant- 
horn, in the Side of which there is fixed a 
fliort Tube, and in the Tube two convex 
LenfeSy and between them a tranfparent 
painted Image of the Objeft we would repre- 
sent. The PafTage of the Rays through the 

z Lenfes 
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Lenfes and the Image is thus. Let A (Fig 89.) 
reprefent a burning Lamp placed as in a com- 
mon Lan thorn, and let CD, EF, be die two 
Lenfes placed in the Tube above mentioned, 
and the Picture at GIL And let the Situation 
of the Lens CD be fuch, that the Light which 
falls upon it from the Lamp may be all thrown 
upon the Pi&ure GH, by which Means it will 
be ftrongly ilhimiriated, and being tranfpa- 
rent, will throw out Rays in Plenty the other 
Way: Which Rays, in paffing through the 
other Lens EF, let us fuppofc to be cok 
k£ted into their refpedtive Foci on an oppofite 
Wall at IK, and to form an Image there. 
Which Image will be larger than the Pic- 
ture in Proportion as the Diftance IL is greater 
than LH; becaufe the Angles ILK and GLH 
are equal; and the Room being dark every 
where elfe, it will appear very bright, if die 
Picture be. ftrongly illuminated by the Lamp, 
And befides the. abovementioned Apparatus^ 
there is fometimes a concave Rcfledter placed 
within the Lan thorn behind the Lamp, as at 
MN, to give a ftronger Illumination to th6 
vpainted Image at GH. 
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Tie ; IN t R O D U C T I O N, 

HE Science of Afirtmomy may tte 
difHoguiihed into two Parts, the bne 
relating to the Motion of theheaveir- 
ly Bodies, as they really are in themfclyes i 
the other a6 they appear to a Spectator upon 
the §urf^ce of the Earth : and tnefe two are 
frequently the very < Reverfe of each other • 
that Body appearing to move Wtft^rb x which 
in reality, at the ; &tno time moves : Eajierjy t 
and that ftemkig to tend towards the Nortv y 
which is &qndb&g ftill, or hafteriing towards 
the Ssui h ; and the contrary, - And becauffc 

A the 
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4 "The INTRODUCTION. 

the apparent Motions of thefe Bodies depend 
upon their real ones, the Order I fhall proceed 
in, fhall be firft to lay down their real Motions; 
and then to {how how the apparent ones 
arife therefrom. But fince the generality 
of People are apt to form their Judgment 
by their Senfes only, and are loath to ima- 
gine Things different from what they ap- 
pear to be, to prepare fueh Readers for a 
more eafy Reception of what follows, it may 
not be amifs to premife the following Particulars 
by way of Introduction. • 

I. Let Us imagine only one great Body in 
the Univerfe, plac'd in tne~ midft of infinite 
Space, like a Ball in the Air ; and then en- 
quire whether of the two following Suppofiti- 
ons has the greater Probability on its Side * 
viz. That this Body will continue in its Place* 
0r that it wUl not. 

. In perfuance of this Inquiry, perhaps it may 
be aigued thp$: Whereai no Bodies on which 
we can majte. tryal are obferved to continue in 
their Places without a Support, neither will 
this Body remain in the Place it is put, but 
will immediately defcend, \ as it were, towards 
the lower Regions of Space. 
. This Argument is founded oipon the Obfer- 
vation of Bodies falling to the Ground for 
want of fupport, which is not a parallel Cafe, 
for to fcy the leaft that may be, we cannot 

be 
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be fare but that the Earth itfelf may be the 
Caufe why Bodies defcend towards it $ as the 
Loadftone is the Caufe why Steel approaches 
it when placed within a certain Diftance from 
it. And if fo, then for any thing that ap- 
pears from hence to the contrary, this Body, 
being the only one in the Univerfe, may re- 
main in its Place without a Support. In fhort, 
the Argument is juft as if one fliould reafon 
thus : It has never yet been obferved, but that 
Steel when placed at a fmall Diftance below a 
Loadftone will afcend upwards ; therefore by 
Parity of Reafon, if all the Bodies in the Uni- 
verfe were transformed into a Mafs of Steel, 
and placed alone in the midft of infinite Space, 
that Mafs would afcend. The Fallacy of which 
way of arguing is fufficiently apparent. 

There is a much greater Probability of Truth 
in the oppofite Way, and it is more rational 
to argue thus : By all the Experiments and 
Obfervations made upon Bodies, it does not 
appear, that any ever moves out of its Place, 
unlefs impelled by fome other; or when it 
riioves towards another, as in the Cafe of Bo- 
dies falling towards die Earth, or of Steel 
tending towards the Loadftone. Now the Load- 
ftone is certainly fome way or other the caufe 
why the Steel tends towards it, and therefore 
(by Parity of Reafon) in all Probability th* 
Earth is fome way or other the Caufe, '* v*hy 
Bodies are difpofed-to mo^e towards itiatid 

A 2 if 
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if fo, then fuppofing all the Bodies in die 
Univerfe to be collected into one, it would 
moft likely continue where it was put, with- 
out requiring any thing to fupport it, as hav- 
ing nothing which might impell it any way, or 
towards which it might move. This, I fey, 
being the mod natural and eafy Deduction 
we can make in this Cafe, feems to have the 
greater Probability on its Side. And farther, 

II. Since there are no Bodies, we can make 
Tryal upon, but what are difpofed to move to- 
wards fome other Body, as Bodies towards the 
Earth, of Steel toward the Loadftone, it is moft 
probable that the fevcral Bodies whereof the 
Univerfe confifts, would all move towards one 
another, if not obftru&edL 

III. Let us fuppofe all the Bodies in the Uni- 
verfe to be united in one, and that Body to 
be put into Motion. Now whereas upon that 
Supposition there is nothing which may flop or 
deftroy its Motion, it does not appear that it 
would ever ftand ftill, or lofe the leaft Part 
of it. For by all the Experiments we can 
make upon the Bodies about us, there are 
none which, when put into Motion, can be 
flopped without fome Force applied to them 
for that Purpofe. They will feem indeed to 
ftop of themfelves, which is always owing 
to fome Impediment. Accordingly it is found, 
that the kfs R<?fiftance or ftjibs Jfekjies meet 
with in their Way, the longer t&ey continue 

their 
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their Motion^. Whence we may infer, that 
this Body once put into Motion, would ever 
continue in that Statef^. 

IV. Let us. now fuppofe that all the Bodies 
in the Univerfe are comprifed in two, the one 
of which let us imagine to be immenfely great- 
er than the other. Thefe Bodies, if not ob- 
ftrudted, will (agreeably to the Conclufion made 
in Sedion II.) approach towards each other ; 
but becaufe a little one requires proportiona- 
lly lefs Force to put it into Motion than a 
larger one, the lefs will be the only one in 
which the Motion will be fenfible, becaufe 
we have fuppofed the other to be immenfely 
greater, wmch will therefore be fcarcely mov- 
ed out of its Place by the lefs ; juft as it is 
with a Loadftone and a Piece of Steel hung 
up by two Strings near one another ; if the 
Steel be much lefs than the Loadftone, it 
{hall move almoft all the Way towards the 
Loadftgte, while that fhall fcarce ftir out of its 
Place; JRit if die Steel much exceeds the 
Loadftone in Bulk and Weight, the Loadftone 
fhall then move to die Steel, and not the 
Steel to the Loadftone, as in the other Cafe.- 
This being granted, 

Let us conceive the lefs. Body to have a 
fwift Motion given it in a Direction parallel 
to the Surface of the larger Body. Thi* 

(a) See Part I. Chap. IV. 

(b) See more in Confirmation of this, Part I. Chap. IV. 

Motion 
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Motion will in fome Meafure prevent its ap- 
proaching to that Body, and the greater the Ve- 
locity is that is thus given to it, the longer will 
the Time of its Approach be protrafted there- 
by, and the greater Space it will move over 
before it comes to the Body. The Velocity 
therefore which is thus given to it, may be 
fb adjufted to the Degree of Tendency it has 
towards the other Body, that it /hall move 
quite round it without ever touching it, re- 
turning to the fame Place where it was when 
the Motion was at firft given it. In this Cafe 
if it meets with no Oppofition, it will move 
round it in the fame Path over and over again, 
not unlike to a Stone whirPd round the Hand 
in a Slingfrj. And as a fmaller Body may 
continually move round a larger in this Man- 
ner, fo may feveral lefs ones move round the 
lame larger one at the fame Time, provided 
the Diftances of the lefs ones from each o- 
ther be fo great, that their mutual Tenden- 
cies towards each other do not difturb their 
Motions^. 

This is the Cafe of the Planets and Comets 
with refpedl to the Sun, which is a Body im- 
menfely greater than any of them, placed as 
it were in the midft of an infinite Space, and 

(c) See this explained more at large and illuftrated, Part I, 
Chap. VIII. 

(dJFor the fame Reafon that the feveral fmaller ones tend 
towards the larger, they will alfo tend one towards another, 
but with left Force in Proportion to their Smallnefs. 

round 
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round which they perform their reipe&ive Re* 
volutions^). 

As to what we call the Sky, in which 
the Heavenly Bodies feem as it were fixed $ 
it is no real Subftance, but oxereempty Space. 
The Reafon why it appears to be a Subftance, 
is as follows. , Was there no Atmofphere fur- 
rounding the Earthy whpfe Particles might . 
reflect other Rays? of Light to our Eyes, than 
thofe which come dir^dtiy: from, /the Sun, all 
Parts of the Heavens, ev«v ifl fpite of Suh- 
(hine, would be quite dark ; and the Staii 
would be vifible at Noon-day (g). But ^fince 

\e) This Doftrine being allowed, we may fee the roffibili- 
ty of the Earth being habitable quite round : for if Bodic* 
are not difpofed tOyirvove any otherwife than as they tend to* 
wards fome other/ there can be no more Danger of oar Ami* 
pedes felling from the Earth, than there is of tmr rifing up 
into the Air. And as. to their walking with their Head down* 
wards with refpeft to us, there is neither Inconvenience, nor 
feeming Odncfs to them in that ; for firft> their Feet are torn* 
ed towards the Surface of the Earth on which they walk, as 
well as ours are ; and fecondiy, fince bdth the Heavens and the 
Earth, which are the only Things they can judge of their Situa- 
tion from, have the fame Pofition with refpeft to their Bodies, 
when they Hand or walk, that they have to us in the like 
Cafe;' their Pofition cannot feem otherwife to them than ours 
does to us ; for a Man cannot tell which way his Feet are 
turned, any otherwife than as his Judgment is directed by 
the Things about 'him ; juft as one cannot difUnguifh North 
from South in a flrange Place, without a Compaft, or feeing 
either the Sun or Stars. 

(f) See the Nature and Confutation of the Atmofphere de- 
tained; Part II. Chap. III. 

fcj See (Jhap. XIII. 
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the Atmofphere of the Earth abounds with 
Particles capable of refle&ing Light every way, 
fome of it will fall upon our Eyes, to what- 
ever Part of the Heavens they at e direded, 
This Light, as ail other, gives us the Idea: of 
fome Colour : having an Impreffion of Colour 
Upon our Minds, our Imagination prefents us 
with a Subftance for it to inhere in. Juft as when 
a Man views an Object in a Glafs, the Light 
regularly reflected, gives him an Idea of the 
Colours of that Objed duly ranged ; but it 
is his Imagination that forms the Image he thinks 
he fees. 

Thus much by way of Introduction j which 
muft not be underftood as containing all the 
Reafons for thefe Things ; but only as tend- 
ing to fhew the Pofllbility, and in fome De- 
gree the Probability of them. 

That which will be delivered afterwards, 
when we treat of the Phyfical Caufes of the 
Motions of the Heavenly Bodies will fet this 
Dodrine in a clearer Light, and abundantly 
evince the Reafbnablenels of it. Proceed we 
in the mean time to confider the Order thefe 
Bodies move in, and their refpe&ive Diftances 
from the Sun, which makes the Subjedfc of 
the firft Chapter. 

CHAR 
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CHAP; I 

Of the Bodies which Compofe the Solar 
Syftem, and their real Motions. 

r TP 1 H E Sun is a Body of prodigious Mag*. 
, Jj nitilde, fituated in the tnidftof all un- 
bounded Space, and the Fountain of Light 
and Heat to a certain Number of Planets and 
Comets, which continually move round it (a) : 
all thefe taken togdthef make up what is call- 
ed the Solar Syftem: 

The Planets are in number fixteen, fix df 
which art called Primary ones; the other ten 
are cjiftingijifhed by the Names of Secondary 
ones/ Moons, or Satellites. 

The Primary Planets are Mercury, Venus > 
the Earth, Mars, Jupiter and Saturn, They 
revolve about the Sun at different Diftanccsfrom 
it, moving from Weft to Eaft (ij 9 in Orbits {c) 

B nearly 

(a) The Sun' itfelfis not abfolutely at Reft, but is fubjea to 
a very fmall Degree of Motion, which Ihall be confider'd 
when we treat of the Phyfical Caufes of the Motions of the 
Heavenly Bodies. 

(b) When any of the Heavenly Bodies are faidby Aftrono- 
inical Writers to move from Weft to Eaft, or from Eaft to Weft, 
it is always to be underftood by way of the South. So that 
by the latter Expreffion is meant the fame Way that the Sun 
appears to move in its daily Courfe, by the, former is intend- 
ed the contrary. 

Cc) By the Orbit of a Planet is meant the Way or Path it 
deieribes in moving round the Sun. 
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nearly circular, having the Center of the Sun 
diredtly within each of them, and nearly in the 
Middle 3 and they are not coincident one with 
another, but every one has about one Half a 
little above, and tne other Half a little below 
each of the reft. Or, to exprefs it in the com- 
mon Way, the Planes (d) of their Orbits pafs 
through the Center of the Sun, and are fo fi- 
tuated, that they make but fmall Angles with 
each other. 

Figure the firft reprefents the Solar Syjiern, 
wherein the Point S is defigned to denote the 
Center of the Sun \ the Circle A B the Or- 
bit or Path, which the neareft Planet Mercury 
defcribes in moving round it •, CD, that in 
which Venus moves 3 FG, the Orbit of the 
Earth ; H K, that of Mars ; LN, that of Ju- 
piter 3 and OP, that of Saturn (e). Thefe Boo- 
dles, as they move round the Sun at very dif- 
ferent 

(d) The Plane of an Orbit is the Space included therein. 
Thi s, if the Carve Line ADME, in Fig. II. reprefents an 
OrL it, the Surface of the Paper within that Curve reprefents 
the Plane of that Orbit. Or in other Words, the Plane of the 
Orbit of a Planet is a fiat broad Space, oat of which the Planet 
never ftrays. 

( e ) That the Sun is at Reft, and that the Planets move round 
it as defcribed above, is an Opinion received of old by Philo- 

j iaiiSy Jriflarchus of Samos, and the whole Seft of the Pytha- 

! ' goreans. The Egyptians were early Obfervers of the Heavens, 

and from them probably this Notion was received in Greece ; tho/ 
the Notion of the Earth Handing flill in the Center, and the whole 
Heavens revolving round ir, was generally received and defended 
till the Time in which Copernicus flourifhed, vns. about the Year 
1 5 co, who reftored the ancient Aftronomy, and ihewed. in 
fa clear a Manner how the Appearances of the Heavens might 

be 
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ferent Diftances, the true Proportion of which 
is nearly reprefcnted in the Scheme, fo they 
perform their refpedtive Periods in very diffe- 
rent Times $ viz. Mercury in about three 
Months Venus in about feven and a Half 5 
the Earth in a Year ; Mars in about two Years ; 
Jupiter in twelve $ and Saturn in not much 
lefs than thirty. And as they differ in their 
Periods, fo they do furprifingly in. their Mag- 

B 2 nitudes. 

be accounted for by it, that it became generally received, 
and from him was called the Copernican Syftem. 

There 'are two other Hypotbefes of Note, «w"«. the Ptolemaic 
and the Ticbomc. The Ptolemaic is fo called from Ptolemteus 
a Mathematician of Pelujmm in Egypt, a great Defender of 
this Hypotbefis. He fuppofes the fix'd Stars to be ftuck in 
the Firmament as they appear to the Eye ; the Earth in the 
Center, round which he fuppofes the Moon to revolve; and 
at greater Diftance, Mercury ; at a greater ftjll, Venus ; at a 
peater than this, the Sun ; at a ftill greater, Man ; then Ju~ 
piter; then Saturn ; and beyond all, the Firmament with the 
fixed Stars ; all in the fame Time they appear to move round 
lis. This Hypotbeju was excellently well adapted to amufe the 
Vulgar, the Motions of the Sun and Planets being reprefented 
by it much after the fame Manner as they appear to Senfe. 
But fince by the Help of Telefcopes it has been difcovcr'd, 
that Venus puts on different Pbafes, like the Moon, the Reafon 
of which will be (hewn in Chap. Vl. this Hypotbefis is entirely 
kid afide, as inconfiftent therewith. 

The Tycbonic Hypotbeju has its Name from Tycbo Brabe, a 
Dani/b Nobleman. This Philofopher fuppofes that the Earth 
ftands ftill, and that as the Sun .moves round the Earth, the 
Planets move round that, juft as the Secondaries move round 
their Primaries in the Solar Syftem laid down above. There 
is another Hypotbefis called the Semitycbonk, and differs from 
the former only in this ; that whereas that makes the Earth 
Hand ftill, and the Sun with the Planets to move round it 
every Day ; this gives the Earth a diurnal Motion round its 
, Jxisy and only fuppofes the Sun with the Planets revolving 
about it, to move round the Earth once a Year. 
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nitudes. For fuppofmg the Circumference of 
the Sun to be reprefented by a Circle of ten 
Inches in Diameter, the fevcral Circles Q^V, 
W,X,Y,Z, would nearly exprefs thofe of the 
Planets Mercury, Venus, the Earthy Mars, 
Jupiter, and Saturn refpeftively (f). 

Thefe Planets have no Light of their own ; 
for when viewed through a Telefcope, the Side 
only next the Sun is obferved to be enlighten'd. 
They are alfo of the Form of a Globe ; for 
one Edge of the fhining Part fbmetimes ap- 
pears hollow, fometimes ftrait, and fometimes 
convex, according as the Planet is fituated with 
regard to the Spectator and the Sun 5 which it 
could not do, unlefs they were of that YoKVk(g). 

Farther, the Planets do not only move a- 
bout the Sun, as we have obferved, but turn alfo 
about their own Axes (h) at the lame Time, 

and 

(f) Their Magnitudes, Diftances, Times of Revolution, with 
their Rotation about their Axes, are more accurately exprefs'd 
in' the following Table. 



The Sun 

Mercury 

Venus 

The Earth 

Mars 

Jupiter 

Saturn 



Diameters | 

in English 

Miles. 

763,460 
4,240 
79,06 

7>97° 

4t444 
81,155 

67,870 



Dift. frcm the 
Sun in Engliih 
Miles. 

32,000,000 

59,000,000 

81,000,000 

123,000,000 

404,000,000 



Periodical Times. 



I 



Days 

«7 
224 

365 
686 

4>33* 
io>759 



H.lM. S. 



23 

16 

6 

*3 



'5 

49 

9 

27 

20 






53 
24 

14 

30 

25 
6 J36 ■ 26 



Rotation about 
theirv4*«. 

D. |H.|M.|S. 
25I 6| o| a 
not difcovered 



00 23116 



o 

4 
o 

.... 54 

not known. 



00 J23I 56 

00 24/40 

00 1 9I55 



(g) Sec the Reafon why one Edge of the fhining Part of a 
round Body appears fometimes ftrait, fometimes hollow, fome- 
times convex, largely explained Chap. VI. 

(h) By the turning of a Planet about \XsAxis is meant, its turn* 
ing about any two Points in its Surface that arcpppofite to one 

another i 
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and the fartie Way they do about the Sun, 
viz. from Weft to Eaft. As the former of 
thefe is generally compared to the revolving v 
of a Stone in a Sling about the Hand, this lat- 
ter may be compared to the fpinning of a Top 
or the turning of a Wheel upon its Axle-tree. 
The Sun itfelf is not exempt from a Motion 
of this latter Kind. 

This Motion of the Sun and, fome of the 
Planets about their Axes is difcoverable by cer- 
tain Spots, or diftinguifhable Parts on their Sur- 
faces ; which appearing firft on one Extremity 
of their Difksf *V, do by Degrees come forwards 
towards the Middle, and fo pafs on till they 
reach the oppofite Edge thereof, tohere they dis- 
appear ; and after they have lain hid about 
the fame fpace of- Time that they continued 
vifible, they appear again as at firft. By the 
Motion of thefe Spots paffing in a right Line 
over the Difk of a Planet, or rifing upwards 
ope Half of the Way, and defcending the b- 

ther 



another sand an imaginary Line fuppofed to.be drawn through 
the Planet from one of thofe Points to the other, is, while the 
Planet moves about thofe two Points, called its Axis. Thus if 
the Reader holds a Ball between his Finger and Thumb, and 
turns it round, a Line fuppofed to pafs through it from Finger 
to Thumb, will in Agronomical Language be the Axis of that 
Ball. And ff he takes it up by two other Points, and turns it, then 
will a Line paffing through thofe other Points become its Axis, 
(i) This is a Term ufed by Aftronomers for the Face of the 
Sun, Moon, or other Heavenly Body, when it is considered 
as a flat round Surface, as it appears to be : and the Breadth 
of it is conceived to be divided into twelve equal Parts, which 
they call Digits* 
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ther Half, the Situation of the Planet's Axis, 
about which it turns with refpedt to us, is evi- 
dently difcovered. Thefe Spots are very vifible 
on the Surface of the Sun, Venus, Mars and 
Jupiter-, but by reafon of the Nearnefs of Jfefer- 
cury to the Sun, and the great Diftance of &*- 
turn from us, no Obfervations have been made 
that could difcover any Spots in them, fi> 
that it is uncertain whether thefe Bodies re- 
volve about their Axes or not As to thd 
reft, the Times in which they thus revolve is; 
exprefled above in Note (f) in page 14. and the 
Inclination of their Axes in the Note below 

In Jupiter, befides his Spots, there are ie- 
veral broad Spaces running parallel to each , o- 
ther, called his Belts. Thefe, as alfo his Spots^ 
are obferved to undergo feverai Changes, neither 
keeping the lame Magnitude nor Diftance 
from one another. And fomc of his Spots have 
appeared only for a Time, 

As to the Spots of the Sun, they are fob- 
jed to much greater Variety of Changes. New 
ones appear, and old ones vanifh, others fuc- 
ceeding in their Room ; feverai Imaller ones 
run together, and form one larger ; and larg- 
er 

(k) The Inclination of the Axis of the Sun to the Plane ia 
which the Earth moves, is feven Degrees, and a half ; that 
of Venus to the fame Plane fifteen Degrees, according to an 
Obfervation of Signior BlancbinVs at Romtin the Year 1726. 
the Garth's 23 Degrees and 29 Minutes : and Mars and Jw* 
fitter's are nearly at right Angles with their own Orbits. 
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er ones *re 'fbmetimes divided into fmaller (I). 
However, feveral have remained on the fame 
Part of its Body long enough to determine the 
Time of its Motion about its Axis. SeQ 
Note (f) in page 1 4. 

In the Beginning of this Chapter it was 
obfervcd, that the Planets move round the 
Sun in Orbits nearly circular, and in Planes 
croffing each other in fuch Manner, as to make 
very fmall Angles with each other. As to 
the Form of their Orbits, they are Ellipfes (m), 
having one of their Foci (n) in the Center of 
thp Sun. They differ very little from Circles, 
or to (peak properly, their Exceritricities (o)bear 

a very 

(l) We learn ham Hiftory, that th* Son has wanted its nfaal 
Brightness, mining with a dim and obfcure Light for a Year 
together. This was probably owing to its being in a great 
Mea&re covered with Spots; for now there are fometimes 
Spots feen upon it, that are larger than the Surface of the whole 

(m) An Ellipfe is a Figure like an Oral ; but flridly fpeak- 
ing, a Geometrical Curve, made by the tranverfe Se&ion of a 
Cone or a Cylinder. But the Nature of it may be under- 
ftood from the following Defcription. Stick up two Pins at F 
and G (Fig. 2.) over which put * Thread, both Ends being 
tied together ; then with a third Pin at P, within the Thread, 
keeping it upon the Stretch, defcribe the Curve ADBE, which 
is an Ellipfe. And if we make Ufe of the fame Thread, 
but increafe or diminish the Diftance between the Pins, the 
Figure defcribed will ftill be an Ellipfe, though of a different 
Kind. And when the Pins are brought clofe together, the 
Figure defcribed degenerates into a Circle. 

(n) The Points F and G where the Pins were fixed, are called 
die foci of the Ellipfe, and the middle Point between them 
the Center. 

(0) The Diftance between the Center and either of the Fod 
b the Exctnlricity* 
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a very fmall Proportion to their longer-4vev (p). 
And as to the fituation in which their Planes 
lie in, it is in all nearly the fame with that 
of the Earth's Orbit. See the Excentricities of 
their Orbits, and their Inclinations to that of 
the Earth's, in the Notes (q) and (r). 

The Primary Planets arc again diftinguiih- 

ed into two Kinds, viz. Inferior and Superior $ 

thofe which are nearer the Sun than the Earth 

is, as Mercury and Venus, are called the jfe- 

ferior Planets ; the others the Superior ones. 

The Secondaries are conftant Attendants of 
the refpedtive Primary ones to which they be- 
long, revolving round them, while they then** 
felvcs move round the Sun. Of the Primary 
Planets there are only the three largeft, as far 
as the Obfervations of Aftronomers have been 
able to dtfcover, that have their Secondaries, 
viz. the Earth, Jupiter ', and Saturn. 

The 



♦s. 



(p) The Line AB, which paJTes through the Foci, an$ is (termi- 
nated at each End in the Ellipfe, is called the longer ~Jxii„ 
The Line DE, which partes through the Center of the Ellipfe 
in a Direction perpendicular to the former, and is termina- 
ted by the Sides of the Ellipfe, is the Jborter Axis. 

(q) The Excentricities of the feveral Orbits of the Planets 
are as follow : Suppofing the Diftance of the Earth from the 
Sun iooo equal Parts, the Excentricitjr of Mercury's Orbit is 
about So fuch ; of that of Venus 5 ; of that of the Earth 17; 
of Mars 141 ; of Jupiter** 250 2 and the Excentricity of Sa- 
turn's Orbit 247. 

(r) Their Inclinations are as follows : <uiz. The Orbit of the 
Planet Mercury is inclined to that of the Earth 6 Degrees, 
C4 Minutes ; that of Venus is inclined to it 3 Degrees, 24. 
Minutes ; that of Mars, 1 Degree, 51 Minutes ; that of Ju~ 
fiter, but 1 Degree, 10, Minutes ; and that of Saturn, 3 De- 
grees and 33 Minutes. 
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The Earth is attended but by one, which 
is the Moori. This Secondary revolves round 
the tSarth from Weft to Eaft in 27 bays, 7 
Hours and 43 Minutes, at the Diftance of 
about 60 Semidiameters and an half of the 
Earth from its Center (s) -, and performs its 
Rotation about its Axis, which is nearly per- 
pendicular to the Plane* of the Earth's Mo- 
tion, in the fame Time and the feme Way 
that it revolves about the Earth. 

The Planet "Jupiter has four Moons* which 
revolve about it at different Diftances and 
in different Times. The innermoft performs 
its Revolution in about one Day and eighteen 
Hours* nearly at the Diftance of fix Semidia- 
meters of Jupiter from its Center ; the fe- 
dond revolves about it in about three Days and 
an Half, at the Diftance of about nine fuch 
Semidiameters ; the third in about (even Days, 
at the Diftance of 14 Semidiameters ; the 
fourth and outermoft Satellite requires almoft 
17 Days to perform its Courfe in,and is diftant 
from its Center 25 Semidiameters nearly f/y. 

D Saturn 



(s) The Excentricity of the Moon's Orbit is about 3,3 of the 
Semidiameter of the Earth ; and its Inclination to that of the 
Earth is 5 Degrees and iS Minutes. The Reafon that the 
Moon appears fo large, and to outwine all the other Planets, 
both Primary and Secondary, is becaufe of theSmallnefs of its 
Diftance from us in refpeft of theirs ; for had it been as far 
removed from us as fome of them, it had never been fcen 
at all by us. 

(t) More accurately as in the following Table. 

S a tell; 
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Saturn has no lefs than five Satellites : The 
firft and innermoft revolyes about it in one 
Day and 2 1 Hours, at the diftanCe df about 

5 Semidiameters and an half of Saturn from 
its Center -, the Second performs its Courfe in 
two Days aud 17 Hours, at the Diftance of 

6 Semidiameters and a Quarter ; the Third in 
about 4 Days and an half, and is diftant from 
it about & Semidiameters and 3 Quarters ; 
the fourth compleats its Period in about 16 
Days, at the DiftanCe of 20 Semidiameters j 
the fifth and outermoft requires above 79 Days 
to perform a Revolution in, and is 59 Semi- 
diameters of Saturn diftant from its Center^. 

. Thefe Satellites, as alfo thofe of Jupiter^ 
perform their Revolutions about their Prima- 
ries from Weft to Eaft, as their Primaries do 
about the Sun. 

. The Orbits of the fecondary Planets arc 
exprefied in Fig- I. by the pricked Circles ; 

vixt 



Satell. 



3 

4 



PeriodicalTimes. 
S. 

34 

42 
36 




Dili in Semid. 
of J upittrn 

9,017 
»4*3»4 



16/32 {09 I 25,299 



(* ) More accurately as in the following Table. 



Satell. PeriodicalTimes. 

S. 

2 7 



1 

3 
4 
S 



D. 


H. 


M. 


1 


21 


18 


z 


"7 


4i 


4 


12 


*S 


»5 


22 


4 1 


79 


°7 


I48 



22 

12 

H 
o 



Dift. in Sem. of 
5*/xr»'s Ripgr 

2,10 

2,69 

3>7S 
8,7c 

*5>3£ 
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*us)z. that of the Moon at E, thofe of the Sa- 
tellites of yupiter at I $ and thofe of Saturn 
at T 5 the Centers of the Earth, Jupiter and 
Saturn Joeing foppofed to be in the Points £ 9 
I, and T «fpe6hvdy. 

As to the Orbits of die Satellites of Jupi- 
ter and Saturn, Aftronomers have not obferv- 
ed that they differ from Circles ; and whe- 
ther thefe Secondaries revolve round their Axes 
or not, has alio not been difcovered (x). 

The Secondaries are alfo Bodies having no 
Light of their own, being obferved to be e- 
clipfed as oft aa they enter die Shadows of 
their Primaries. 

Befides its Satellites, Saturn is alfo encom- 
pafled with a flat broad Ring, not unlike the 
Verge of an Hat, but it no where touches the 
Body of Saturn, the Space between it and 
Saturn being equal to the Breadth of the Rim. 
The Diameter of the Ring, mea&ring acrofe 
from one Outiide to the other, is to the Dia- 
jneter of Saturn's Body as 7 to 3 (y). 

The Form of the Ring encompafling the 
Body of Saturn, is exprefe'd in Fig. I. at RR. 

The 

(x)Tkt Orbits of Jupiter** Satellites lie almpft in the fame 
Plane in which Jufiur himfclf moves found the Sun ; but 
thofe of Saturn defcribe their Orbits nearly in the Plane of the 
Ring produced, except the $fth, the Situation of whofe Orbit 
deviates a little therefrom. See the Inclination of the Ring in 
the next Note. 

(j) The Ring, according to Meflrs.^V/r, Picardxai, 
h inclined to the Orbit of the. Earth 31 Degrees: , 
tiallty affirms it to be nearly parallel to the Planj 
Earth's Equator. 
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. The Comets . revolve alfo round the Sun 
in Orbits, whofe Planes pafs through its Center; 
but they are not confined to any particular 
Diredtion, as the Planets are, fome moving one 
Way, and fome another : their Orbits are of a 
very elliptical or oval Form, fa - that thdr 
Lengths vaftly exceed their Breadths ; and they 
lie not nearly in the fame Plane, like thofe of 
the Planets, but admit of any Inclination to 
one another. But more of thefe in another 
Place(z). A Portion of the Orbit of a Comet 
is expreffed in Fig. I. at afad (4). 

Thofe 



(*) Chap. XI, 

(«)The Claim which the Syftem here laid down has to a 
Preference to all others, will appear from the following Confe- 
derations. 

J. The Planet Venus moves round the Sun, and not round 
the Earth. For through a Telefcope it fometimes appears with' 
a bright and round Face like the full Moon, and fometimes 
horned like the new Moon ; (fee Chap. VI.) and when it ap- 
pears fuir, it is feen near the Body of the Sun, as well as when 
it appears horned : which things could not be, did it move 
either round the Earth alone, or round neither the Sun nor 
the Earthy For did it move round the Earth alone, or round 
both the Sun and the Earth, it muft be feen fometimes in 
that Part of the Heavens which is oppoiite to the Sun. Did 
it move round neither the Sun nor the Earth, it could not ap- 
pear both horned and full when it is feen near the Body of tne 
Sun : it remains therefore, that it revolves round the Sun, and 
not round the Earth. Jts Orbit therefore, agreeably to the 
abovementioned Syftem, includes the Sun, and is within the 
Orbit of the Earth. 

II. In like Manner we are affured, that Mercury turns 
round the Sun in a letter Orbit than that oi Venus ; becaufe 
it puts on the fame Phafes with Venus, and is never feen fofar 
from the Sun as that Planet is. 

x SH.v 
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Thofe bright and fhining Bodies, which be- 
fides the Planets .and Comets/ are difperfed 

every 

III. The Orbit of Mars includes both the Earth and the 
Sun ; and the Earth is no$ in the Center thereof. For this 
Planet is capable of appearing oppofke to, or in any other 
Situation in reipccV of the Sun, which it could not be, unlefi 
it moved round the JEarth ; and it always appears full, or near* 
ly fo ; which it could not do if it ever came between the 
Sun and the Earth : it moves therefore alfo round the Sun. 
And farther, when Jftar/is in the oppofitc Part of the Hea- 
vens to the Sun, it appears about five times larger than when 
it is near the Sun ; which mews that it is fo many times nearer 
the Earth in one Situation than in the other : the Earth there- 
fore is not in the Center of its Motion* All which is agree- 
able to the Syftem above laid down 

IV. Since the like is obfervable both of Jupiter and Saturn; 
-(though, by Reafon of their greater Diftance from the Sun and 
us, the Diverfity in their apparent Magnitudes in different Parts 
of their Orbits is not fo great as in Mars) it is reafonable 
to conclude, that thefe Planets alfo have both the Earth and 
the Sun within their Orbits, and that rather the Son than 
the Earth is in the Center of the fame. 

- V, Since then the Earth is placed within the Orbits of the 
Planets Mars, Jupiter, and Saturn, thefe Planets cannot ap- 
pear to < us to (land ftill or to go backward, as Obfervation ftetfa 
they ibmetimes do appear, unlefs the Earth moves : and face, 
as we have fliewn, the Planets tfr««r and Mercury revolve about 
the Sun, and not about the Earth ; fince likewife the Earth 
is placed between the Orbits of Mars and tenus, and the Pe- 
riodical Time of the Earth, if it does move, is, in point of 
Magnitude, between the Periodical ^imes of thofe two, it 
has been thought reafonable to fuppofe that the Earth revolves 
in like Manner about the Sun, as the Planets do, and is there- 
fore reckoned in the Number of them. 

VL But what wonderfully confirms this Conclufion, is, that 
Harmony which upon this Snppofition runs through the whole 
Solar Syftem i nn%* that the Motions of all the Planets, both 
Primary and Secondary, are governed and regulated by one 
and the fame Law; which is, that the Squares of the Periodical 
Times of the Primary Planets are to each other, as the Cubes 
of their Diflauces -flora the Son i and likcwifc the Squares of 
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every where throughout the Heavens, are the 
Jhced Stars. They are termed fi**d y becauft 
they are obferved to keep the fame Diftanoes 
from each other in all Ages, having no Mo- 
tion like that of the Planets or Comets. They 
are far removed out of the Solar Syftem, and 
(hall therefore be confidered in a Chapter by 
themfelves. 



the periodical Times of the Secondaries of any Prmary art to 
each other, as the Cubes of their Difiances from that Primary. 
Now the Moon, which in the Syftem above laid down is a Se- 
condary of the Earth, in the other Hypothecs » a primary 
One i audio the Role cannot take Place ; faccanfe her Perio- 
dical Time, confidered as that of a Primary one, docs not agree 
therewith. Whereas according to the other Supposition, the 
Motions of the Heavenly Bodies, as- we ihall fee in its pro* 
per Place, a>e to he accounted for with the grcateft Simplir 
city ; and a regular and beautiful Fabrick is thereby exhibited, 
tflorthy its divine Architect 

By the Spsarrof the periodical Tim* of a Ranet is meant 
the Time it takes up in revolving about the Sun, or about its 
Primary, multiplied by itfelfOao? ; and by (he Cube of its Dis- 
tance, is meat* its Biftance multiplied bar kfelf Twice. Thna 
if the Time a Planet moves once round its Orbit in, be $• 
Years, then 30 times 30 is ibe Square if its periodical Timet 
and if the Diftanceaf a primary Planet from the Sun, or of a 
(Secondary from its Primary, be 81 Millions of Mites* then 
Si Million multiplied by 81 Million, and that again by 81 
MflUan, will exprefr the Guie of the Dilkncc of that Planer 
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CHAP, II. 
Of the fixed Stars. 

T*H E fixed Stars are thofe bright Aim- 
ing Bodies, which, befides the Planets and 
Comets, are difperfed throughout the Hea- 
vens : they are termed fixed, as appearing 
always at the fame Diftance from each other*. 

It is obfervableof the fixed Stars, thal^whei* 
viewed through a Telefeope, they appear only 
as mere Points deltitutc of all ienuble Mae- 
nitude. This is fuppofcd to be owing to their 
very great Diftance from us. That they ap- 
pear larger to the naked Eye than with a 
Telefeope, is afcribed to that Irradiation or 
Brigjitnefs which is obferved to furround fhin- 
ing Bodies when feen in the Dark, and which 
the Telefeope takes off (a). 

From their fhining with fo flxong and fpark- 
ling a Light, when at the fame Time they are 
fo far off that through a Telefeope they ap- 
pear as mere Points, is inferr'cl, that they ihine 

Mfith 

(a) That the Stars would appear of no faifible Magnitude tat 
the naked Eve, were it not for that Irradiation or Bfightittfc 
Mentioned above, is confirmed from thcii; being «bMt« 
tvrinikt which the Planets and other Bodies of fenfibleMag- 
faitudc do not. ' The Reafon of their twinkling is, that the lew 
Particle of Dull or Vapour paffing between the Eye and them 
it capable of iuetttptftg their Afc>pe*ttfaCfc for a *tkm, Which 
in larger Bodies it is not, * 



/ 
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with their own proper and unborrowed Light J 
for if they borrowed their Light, they would 
be invifible to the naked Eye, fince the Satel- 
lites of Jupiter and Saturn^ which appear of 
very diftinguifhable Magnitudes through a 
Telefcope, are fo. 

' There is another remarkable CircumftariceJ 
relating to the ftarry Heavens \ that the bet- 
ter Telefcopes we make ufe of, the more Stars 
appear : from whence it is thought, that all 
thefe fixed Stars are not placed at equal Di£> 
tances from us, but that they are every where 
interfperfed at great Diftances beyond one an- 
other throughout the Univerfe ; and that pro- 
bably the different Appearances which they 
make in point of Splendor and Magnitude 
may be rather owing to their various Diftances 
from us, than to any Difference in their Mag^ 
nitudes. 

- The Diftance of the neareft fixed Star k 
computed to be at leaft: 500 thoufand Mil- 
lions of Miles from us ; and their Magnitude is 
judged to be fuch, that if they were as near 
us as the Sun is, they would not appear un- 
like it (£). 

Their appearing under various Magnitudes 
has given Occafion to a Diftribution of them 
into feveral Orders or ClafTes: thofe which 
appear largeft, are called Stars of the firfi 

Magnitude^ 

(h) The Method of computing the Diftance of the fixed Start 
1$ Jhewn in Chap. V. 
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Magnitude $ thofe which are ^leareft to them 
in Luftre arc reckoned of the fecond Magni- 
tude } and fo on, till we come to the leaft Stars 
that are vifible to the naked Eye, which con- 
ftitute the laft Oafs, and are faid to be of 
the fixtb Magnitude. For fuch as are to be feeri 
only by the help of a Telcfcope, are not in- 
cluded in thofe fix Clafles, but are diftin- 
guifhed by the Name of Tele/topic Stars ; 
the Diftribution of the Stars into ClafTes being 
made long before the Telefcopic ones were 
difcovered. But we are not to underftand 
frpm hence, that all the Stars which are vifi- 
ble to the naked Eye, are reducible to fome 
one of thefe Clafles precifely-, for there are 
fcarcely two Stars to toe found exa&ly of the 
fame Size : they are only to be ranked in that 
Clafs to which their Magnitude and Luftre 
gives them the jufteft Claim. 

There is alio another Diftribution of the 
Stars into Cancellations. The Ancients, that 
they might the better diftinguifti the Stars with 
regard to their Situation in the Heavens, divided 
them into feveral Aflerifms or Conftellations> 
that is, Syftems of Stars, each Syftcm con- 
fifting of fuch as are near each other. And to 
diftinguifh thefe Syftems from one another, 
they gave them the Names of fuch Men or 
Things as they fancied the Space they took 
up in the Heavens reprefented, or of thofe 
whofe MemQries, in Confideration of fome no~ 

E table 
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table Exploit, they had a Mind to tranfmit to 
future Ages. 

Befides the Stars contained within thefe Con- 
ftellations, there are fome others, which for 
that Reafon are called Informs . Of thefe the 
later Aftronomers have made fome new Con- 
ftellations. 

There is alio a Divifion of the Heavens in- 
to three Parts ; viz. i . The Zodiac, or that 
Portion of the Heavens in which the ^Planets 
would appear to move to an Eye placed in 
the Sun. The Breadth of this Space depends 
en the Inclination of the Orbits in which the 
Planets move to one another,and includes twelve 
Conftellations* commonly called the Signs of the 
Zodiac*, viz. Aries, Taurus, Gemini, Cancer, Leo, 
Virgo, Libra, Scorpio, Sagittarius, Capricor- 
nus, Aquarius, and Pifces : and becaufe moft 
of thefe are Animals, that Space is callbd the 
Zodiac. 2. All that Region of the Heavens 
which lies on the North Side the "Zodiac -, 
which contains twenty-one Conftellations : and 
3. That on the Southern Side, which contains 
fifteen ; 

There is a remarkable Trad that goes quite 
round the Heavens, called the Milky Way. 
This Space has a peculiar Whitenefs, occafion'd 
by an infinite Number of fmall Stars therein, 
none of which are to be feen diftin&ly 
without a Telefcope, yet confpire to render 
that Part of the Heavens, where they are, much 

more 
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more luminous t£ian the reft. This Trad: is 
in fome Parts fingle, in others double (a). 

Notwithstanding that feeming Impotfibility 
of numiringthc Stars, their relative Situations 
one to another have been fo carefully obferved 
by Aftronomers, that they have not only been 
able to number them, but even to diftinguifh 
the Places of each in the Heavens, and that 
with greater Accuracy, than any Geographer 
could ever point out the Situations of the Se- 
veral Cities or Towns upon the Surface of the 
Earth. And not only the Places of thofe few, 
if, I may call them fo, which are to be feen 

E 2 with 



. (a)Hugemus 9 in the Year 1 6 c 6, looking by chance through a 
large Telefcope at three fmall Stars very ciofe to one ano- 
ther in the Middle of Orion's Sword, law fevcral Jtore as total : 
Bat three little Stars very near one another, together with four 
larger ones, ihoae out as it were through a whitifti Cloud much 
brighter than the ambient Sky j which being very black and 
ferene, caufed that lucid Part to appear like an Aperture that 

five a Profped into a brighter Region. He viewed it many 
iraes, and found it continued in the very fame Place and of 
the fame Shape. But in the Philojbphical TranJaAions, N**^?. 
thtrt is an Account of a later Oifcovery of five more fuch 
lucid Spots, though lefs confiderable than this of Hugens ; 
the Middle of which, we are there told, is at prefent in II. 
nineteen Degrees, with Sdath Latitude twenty-eight Degrees, 
Arty-five Minutes ; and that it fends forth a radiant Beam into 
the South-Eaft; as another in the Girdle of Andromeda Teems 
to do in the North-Eaft. It is alfo there remarked, that tho* 
thefc Spots are in Appearance but fmall, and moil of them 
but a few Minutes in Diameter, yet face they are among the 
jixed Stars, as it appears they are by their having no Parallar, 
they cannot fail to occupy Spaces immensely great, and per- 
haps not lefs ihan our whole Sokr Syjhm : in all which Ph- 
c^s, it fhould fecm, there is a perpetual uninterrupted Day. 
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with the naked Eye have been pointed out 
and regiftered by them, but even of fuclx 
as are difcoverable only by the Telefcope. The 
firft among the Greeks, who numbered thofe 
which are vilible to the naked Eye, and re- 
gifter'd their Places in a Catalogue, was Hip- 
parcbus. He flourifh'd about 120 Years before 
Chrifty and number'd 1022 Stars. To this 
Catalogue the Places of feveral more have been 
added by fucceeding Aftronomers, as Ptolemy \ 
Copernicus, Tycbo Brake, Ricciolus, and Dr. 
Halley 5 which laft went to the Ifland of St. 
Helena, where he reckoned up and fet dowii 
the Places of fuch Stars in the Southern He- 
mifphere as are not vifible to us in this. 

The laft Catalogue is that of Flam/lead, 
who reckons 3000, of which a great Part are 
^elefcopical. The Number of Stars which 
may be feen at one Time with the naked 
Eye in one Hemifphere feldom exceed a Thou- 
fand ; which perhaps may appear ftrange, fince 
at firft Sight they feem to. be innumerable. 
But this Appearance is only a Deception of 
Sight, arifing from a confuted and tranfient 
View. Let a Pcrfon fingle out a finall Por- 
tion of the Heavens, and after fome Attention 
to the Situation of the more remarkable Stars 
therein, begin to count, and he will foon be 
furprifed to find how few there are therein. 

Yet nevprthelefs, if we cpnfider the Tele- 
fcopic Stars along with thofe which are vifible 

to 
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to the naked Eye, we may venture to pro- 
nounce them infinite : fo prodigious are the 
Numbers that may be feen in a good Telefcope. 

Thofe in Mr. Flamfieads Catalogue tiiention'd 
above, that are Telefcopical, are only the more 
remarkable ones, fuch whofe Longitudes and 
Latitudes (that is, their true Situation in the 
Heavens) it was thought worth while to re- 
gifter and put down. Dr. Hook, with a Te- 
lefcope of 12 Feet, faw 78 Stars among the 
Pkiades y that is, thofe which are commonly 
called the feven Stars j and wfth a longer Te- 
lefcope law more (b). And in die fingle Con- 
ftellation of Orion, which in Flam/lead's Ca- 
talogue has but 80 Stars, there have been feen 
2000 (c). 

There is one Thing more which is very re- 
markable in the fixed Stars, viz. that ibm« 
of thofe which were taken Notice of, and 
had their Places regifter'd, have fine© difappear- 
ed. Some have difappeared for a Time : Some 
new oAes have appeared, and afterwards difap- 
peared ; particularly a remarkable one in the 
ConfteUation CaJJhpeia, in the Year 1 572, which 
fome time after its firft Appearance outfhone 
the biggeft of the fixed Stars, and in fixteen 
Months Time by degrees vanifhed quite away, 
and was never feen fince. In the Pleiades, which 
ufed to be reckoned 7, thef e are but 6 to Jbe 
feen with the naked Eye. 

From 

(b) HcoVs Micrograph, pag. 241 

(e) Antonm Maria dt Rbeita, Rad. Sydoeomift. pag. 197. 
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From the Similitude there appears to be be- 
tween the fixed Stars and the Sun, it is gene- 
rally fuppofed by Philofophers, that they are not 
placed in the Heavens by way of Ornament onljr, 
or to fupply us with a faint Light in the Ab- 
fence of the Moon ; but that each of therii 
is- placed in the midft of a Syftem of planeta- 
ry Worlds, and that it dire&s their Motions, 
and fupplies them with Light and Heat, in 
the fame Manner that the Sun does the 
feveral Bodies of which the Solar Syftem is 
compofedf*/,). 

As to thofe x Alterations in the Appearances 
of fome of the fixed Stars mentioned above, 
Sir Ifaac Newton conjectures, that, as it is poffi- 
ble the Sun may fometimes receive an Addi- 
tion of Fewel by the falling of a Comet into 
it (the only Ufe (e) they feem to be of ) fo the 
liidden Appearance of fome of the Stars, which 
formerly were not vifible to us, may be ow- 
ing to the falling of a Comet upon them, 
and occafioning am uncommon Blaze and Splen- 
dor for fome Time. But that fuch as appear and 
4ifappear periodically, and increafe by very 

flow 



(d) How the Sun dire&s the Motions of the Planets will be 
fhewn afterwards. 

(e) Sir Ifiuu Newton computes, that the Comet which appear- 
ed in 1680 approached towards the Sun within left than a JLttk 
Part of the Son's Diameter ; and from thence concludes, that 
it muft have been retarded by, the Refiftance of the Sun's At- 
atofphere, which is very large ; the Confequence of which is, 
that it muft come nearer and nearer tat Son every Revolution* 
till at laft it falls into its Body. 
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flow Degrees, feldom exceeding thofe of die 
third Magnitude, may be fuch as having large 
Portions of their Surfaces obfeured by Spots, 
may by revolving about their sixes, like the 
Sun, expofe their lighter and darker Parts to 
us fiicccfiively. 



CHAP. III. 

Of fuch of the apparent Motions of 
• the * Heavenly Bodies ± asarifefrom 

the Motion of the Earth about . its 

Axis. 

» » 

TTTAving now laid down the true and pro* 
jTl per Motion of the Planets, and (hewn, 
as far as the Obfcrvations of Aftronomers have 
been able to inform us, the Nature of the 
Sun, the Planets, and the fixed Stars ; we are 
in the next Place to enquire particularly inta 
their apparent Motions, and ihew how it comes 
to pafs that thefe feem to us fo different from 
what they really are. And thefe are principally 
of two Sorts, viz. thofe which arifefrom the 
Motion of the* Earth round its Axis, and thofe 
which are owing to the Motion of the Eat th 
and Planets about the Sun. The former of 
thefe fihall be confider'd in this Chapter ; the 
latter in thofe which follow. 

Since 
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Since then, as we obferved above, the Earth 
tarns round its own Axis from Weft to EafV 
every Spc&ator upon its Surface muft necefla- 
rily be carried round it the fame Way ; and 
confequently thpfe Parts of the Heavens which, 
lie hid towards the Eaft, will by and by 
come into his Sight, and thofe which are vi- 
fible to him will depart out of it towards the 
Weft. From hence it is that the Spe&ator, 
not being fenfible of his own Motion (the Rea- 
fon of which is, becaufe all things about him 
move along with him) imagines the whole Hea- 
vens to turn round the contrary Way, viz. 
from Eaft to Weft, every 24 Hours, which 
is nearly (f) the Time the Earth performs one 
Revolution about its Axis in. This may be 
illuftrated in the following Manner. 

Let the Circle STV (rig. 2.) reprefent the 
Earth, S the Place of a Spe&ator, ABC fb 
much of the Heavens as is vifible to him 
in that Situation, and let A be the Place of the 
Sun or any other of the heavenly Bodies : When 
S, the Place of the Spectator, is carried by the 
Rotation of the Earth about its Axis to 
T, the vifible Part of the Heavens will be- 
come BAD; and the Point A, which be- 
fore was juft at one Edge of the vifible Por- 
tion of the Heavens, is now in the midft of 
it, or dire&ly over the Spectator's Head. Again, 

when 

' (/) The Reafon why this is not the exaB Time, is, becaufe 
of the Motion of the Earth in its Orbit performed in the mean 
while ; as Jhall be explained in Chapter the XV. 



L 
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when the Spectator is got to V, the vifible 
Part of the Heavens is become ADX, and 
the Point A is got to the other Extremity of 
it, and juft ready to difappear ; after which 
it is feen no more till the Spedtator arrives at 
the Point S again. 

From this Motion of the Earth arifes that 
apparent Revolution of the Planets and fixed 
Stars once in 24 Hours ; as alfo that of the 
Sun, and therewith the Succeffion of Day and 
Night. 

That the Days vary from each other both 
in Point of Length and Heat, is owing to the 
Motion of the Earth round the Sun, and will 
be accounted for in the next Chapter. 



CHAP. IV. 

Of the apparent Motion of the Sun, 
arifing from the Earth's revolving 
about it* 

AS when a Perfon fails along the Sea- 
Coaft, the Shore, the Villages, and o~ 
ther remarkable Places upon Land appear to 
change their Situation, and to pafs by him $ 
and this apparent Change of Place is of two 
Sorts, (the one, is that of Bodies at reft, the 

F Change 
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Change of whofe Places depend folely on that 
of the Spectator ; die other is, that of Bodies 
in Motion, wliofe apprent Change of Place 
depends as well on their own Motion as on 
that of the Spe&ator 5) fo it is in the Heavens: 
To a Spectator upon the Earth, as it moves 
along its Orbit, the S#n, the Planets, and the 
fixed Stars appear to change their Places ; which 
Change in thofe which are at reft is owinj 
wholly to the Motion of the Earth 5 in thoi 
which move, it is to be afcribed to their own 
conjointly with that of the Earth : The for- 
mer Kind fhall he confidered in this Chapter 
and the next, the latter in thofe which fol- 
low. To begin with that of the Sun. 

As a Spectator in the Sun would fee the 
Earth describing a Circle in the Heavens, 
which is that where the Plane of the Earth's 
Orbit (were we to fuppofe it extended far 
enough) would cut them 5 £0 a Spectator on 
the Earth, being carried round the Sun there- 
with, would imagine that to move through 
the Tame Circle, and in the fame Dire6tion, 
patting from Star to Star till it has appeared 
to move quite round the Heavens. This Cir- 
cle is called the Ecliptic y and from what was 
obferved above of the Zodiac, neceflarily paf- 
fes through twelve Signs thereof. From hence 
it is, that the Sun is faid to pafs through the 
Signs of the Zodiac once a Year. 

To 
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To illuftrate this, let S (Fig. 4) t eprefeftt the 
Siin, ABC the Orbit of the Earth, and DEF 
the ftarry Firmament. Then if we fuppofe 
the Spectator to be in the Sun, as the Earth 
moves from A to B, it will feem to move 
from D to' E, defcribirig the Arch DE in the 
Heavens, and fo on; but if the Spectator be 
upon the Earth, then whilft it moves from A 
to B, the Sun will feem to defcribe the Ar;cfi 
GH in the opppfite Part of the Heavens : 
and whilft the Earth is puffing from B to C, 
the apparent Place of the Sun will pafs from 
Hf to 1 5 and fo on through the whole Circle. 
So that the Sun appears to defcribe the fame 
Circle among the fixed Stars in a Year, that 
the Earth would feem to defcribe in the fame 
Time to a Spectator in the Sun. 

leaving thus (hewn, that the annual Motion, 
6f the Earth gives the Sun an apparent one 
in the Ecliptic, we fliall now proceed to en- 
quire how the Variety of Days and Nights, 
as to their Lengths arid the different Seaforis 
of the Year, are to be accounted for. In or- 
der to which We will premife the thf ee fol- 
lowing Obfervations. 

I. M the Earth turns round its Axis, there 
are two Points in its Surface which have no 
Motion from thence,, viz. the. two Extremi- 
ties of its Axis. ? hdfe Points ard &lled the 
?&$ of the Earth; that Which" teipedfe thd 

F 2 North, 
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North, is called the North Pole, the other 
the South Pole. But every other Point of 
the Earth's Surface defcribes a Circle, which 
will be greater or lefs, as the Point that de- 
fcribes it is farther from or nearer to either 
Pole ; and confequently that Circle, whofe de- 
fcribing Point is equally removed from either, 
will be the largeft of all. This Circle is call- 
ed the Equator, by Mariners the Line; and 
its correfoonding Circle in . the Heavens, or 
that which the Plane of this Circle, were we 
to fuppofe it extended thither, would v mark 
out, the Equinoctial Circle; and thofe lefler 
Circles defcribed by other Points of the Earth's 
Surface are called Parallels of this, 

II. The Axis of the Earth, as was obferved 
above, making an Angle with the Plane of 
its Orbit of 23 Degrees and an half, docs the 
feme with that of the Ecliptic \ thofe two 
Planes being coincident one with another. 
Thus fuppofing the Line AB (Fig. 5.) to re- 
prefent the Plane of the Ecliptic feen edgeways, 
and the Circle DFE the Earth ; the Axis 
of it is not coincident with the Perpendicular 
DE, but ftands inclined in the Situation FG, 
fuppofing the Arch DF to contain 23 Degrees 
and an half. And, 

III. In whatever part of its Orbit the Earth 
is, its Axis has the lame Inclination to the 

Plane 
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Plane thereof, and is every where parallel tci 
itfelf : that is. if a Line be conceived as drawn 
parallel to the Axts while the Earth is in 
any one Point of its Orbit, the Axis will in 
every other Situation of the Earth be parallel 
to the faid Line. Thus % fuppofing the Line 
FG to reprefent the Situation of the Axis of 
the Earth when at DFG, and to be parallel 
to the Line HI; then when the Earth is at 
dfg y or any other Part of its Orbit, its Axis 
f g will ftill be parallel to the fame Line 
HI fa). . 

Thefc things being obferved, let us imagine 
the Plane of the Ecliptic to be rcprefented by 
the Line AB (Fig. 6.) feen edgeways as before. 
Let the Point S reprefent the Place of the Sun, 
and PEpQjhe Earth, whofe Axis let be Pp, 
and its Poles P and p, the former the North, the 
latter the South; and let EQ^be the Equator 
and TC, RN, &c . Parallels thereof. And let 
us in the firft Place confider the Earth in the 
Situation KL, or diredtly beyond the Sun with 
refpedt to the Eye. It is evident from the 
Figure, that in this Situation o£ the Earth, the 
Sun's Place * S is in the Plane of the Equator 
EQjtfoduced; and confequently, while the 

Earth 

• • * 

(a) N. B. The Axis of the Earth deviates a little from its 
ParaHelifm every Revolution of the Earth about the Sun, but 
in fo fmall a Degree that the Confideration of it is better o~ 
mitted in this Place j it {hall be taken Notice of in the next 
Chapter. 
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Earth revolves upon its Axis Pp, the Sun wiH 
appear to defcribe tharCu«le, and will enlight- 
en one Side of the Earth from Pole to Pol*. 
Whence half of the Eqtiator, and half of each: 
of its Parallels RN, TC, & c. will be enlighten- 
ed thereby, while the other half being on the 
oppofite Side the Earth, will be in the Dark. 
And confequently every Place on the Surface 
of the Earth, fince it muft defcribe fome oAd 
of thofe Parallels as it is carried round by the 
diurnal Motion, will be as long in the Light 
as in the Dark ; that is, the Days and Nights 
will then be of equal Length all over the 
Earth (b). 

But becaufc the Axis of the Earth is every 
where parallel to itfelf, as was juft now obfer- 
ved ; when the Earth is carried by its annual 
Motion into the Situation MO (which vte wilf 
fuppofe to be a quarter of a Circle diftant 
from its former Situation, the Poles of the 
Earth being ftill turned the fame Way as be- 
fore) it is manifeft that the Sun's place S is not 
now in the Plane of the Eqtiator EQ^prQr 
duced, (for that would pafs below the Sun to- 
wards L) but directly over^C, a Point in the 
Parallel TC 5 and therefore as the Earth re- 
volves about its Axis, all places of the Earth 

that 

(b) When the Sun appears to eater the firft Degree of the 
Sign Aries, the Earth is in that Part of its Orbit where* thefo 
Phenomena happen. 
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that lie in this Parallel will come direftly un- 
der the Sun once in 24 Hours, as thofe that 
lay urujer the Equator did in the former Si- 
tuation of the Earth : and finpe the Rays 4 of 
the Sun always enlighten one half of the Globe 
of the Earth at a Time, they will reach be- 
yond the North Pole as far as F $ and on 
the other Side no farther than I. From 
whence it follows, that the Tradt of the Earth 
which lies within the Circle FG enjoys con- 
tinual Day-light, while the Earth is in this 
Part of its Orbit ; and on the contrary, that it 
is continual Night to that Part of the World 
that lies within the oppofife Circle HI : that 
is, the Sun will not appear to fet in the for- 
mer, nor rife in the latter. And farther, greater 
Portions of thofe Parallels which lie between 
the Equator and the Circle FG will be in the 
illuminated Hemifpherc than in the dark one, 
as appears by Infpe&ion of the Figure, in 
which the latter Hemifphere is diftinguifhed 
from the other by being (haded ; and on the 
contrary, greater Portions of fuch as lifc be- 
tween the Equator and the Circle HI will be 
in the Dark, than in the Light. And hence 
it is that the Earth being in this Part of the 
Orbit, the Days are longer than the Night* 
on the Northern Side the Equator ; whereas 
on the Southern Side, the Nights are longer 
than the Days; and the Difference between the 
Lengths of the Days and Nights is fo much 

the 
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the greater, as the Place is more remote from 
the Equator on cither fide, becaufe the Dif- 
ference between the Portions of the Parallels 
which are in the illuminated Hemifphere, and 
thofe which are in the contrary one, are great- 
er the farther they are from the Equator : 
But to fuch as live under the Equator, Day 
and Night are in this Situation of the Earth 
alfo equal to one another, one half of the 
Equator EQJ^eing here alfo in the illumina- 
ted Hemifphere (c). 

Let us now conceive the Earth to have 
moved through another quarter Part of its 
Orbit, and to be in the Situation KL again, 
but with this Difference, that it is now on the 
contrary fide the Sun to what we fuppofed it 
at firfh In this Situation alfo it is evident, that 
the Plane of the Equator EQ^ being produ- 
ced, will pafs through the Sun, and that the 
illuminated Hemifphere will pafs from Pole 
to Pole as before ; for. we are ft ill to conceive 
the Axis of the Earth parallel to its firlt Situ- 
ation ; fo that the Sun will feem to defcribe 
the fame Circle in the Heavens, and the 
Days and Nights will be equal every where, 

as 



(c) In this Situation of the Earth the Sun appears to be in 
the firft Degree of Cancer, and to the Inhabitants of the North- 
ern Hemiiphere of the Earth introduces the Summer; to 
thofe of the other, the Winter Quarter. 



\ 
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as when the Earth was in the oppofite Point 
of its Oi*bit (d). 

But when the Earth has pafled through an- 
other quarter of its' Orbit (which we will fuppofe 
it to have done, when it is in the Situation 
X Y) its Axis Pp ftill remaining parallel to 
its former Diredion, the Place of the Sun will 
bow be vertical toR, a Point under the ParaM 
fcN ; fo that to all the Inhabitants that live 
under , this Parallel, the Sun will be vertical 
once in 24 Hours, as it was to thofe who live 
tmder the Parallel TC, when the Earth was 
at MO ; and that Portion of the Earth's Sur- 
fece which is included within the Circle FG, 
wffi he wholly in the Dark, and that with- 
in the oppofite one HI, will be wholly in the 
Light • and lefler Portions of the Northern 
Parallels will be in the Light than in the Dark,, 
and greater Portions of the Southern. So that 

j the Inhabitants of the Northern Hemifphere 
will then have their Days at the fhorteft, and 

j thofe of the Southern at the longeft. Thofe 

! / Who live within the Circle FG will have no 
Day, and thofe within HI no Night. Tho* 

■ , to thofe who live under the Equator, the Days 
and Nights are in this, as in all other Situations 
of the Earth, of an equal Length, the Equator 

G being 

(d) In this Situation of the Earth, the Sun enters the firft 
Degree of Libra, and makes Autupm to us, and Spring to thofe 
*Q the other, fide die Equator. 
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being every where cut into two equal Parts 
by the Boundary of Light' and Darknefs (e). 

From 



« 

(e) When the Earth is in that Part of its Orbit where theic 
Phenomena happen, the Sun is then entering the firft Degree 
of Capricorn, and brings on Winter to us, and Summer to the 
Inhabitants of the other Hemifphere. 

There is another Way in which thefe Phenomena may be 
'illuftrated ; and that is as follows. Let S (Fig 7.) represent 
the Sun, and the Circle ABDD the Earth's annual Courfe round 
it ; EFGH the Earth, P the North Pole, RT the Ardic Circle, 
IKLE the Tropic of Cancer, FNH the Northern half of the 
Equator ; the fhaded Part the obfeure Hemifphere, the otho- 
the illuminated one : And let X be the Place of the Sign Aries 
in the Heavens, Y that of Cancer, M that of Libra, and Q^ 
that of Capricorn. 

When the Earth is in that Part of its Orbit that refpeAs 
M or Libra, the Sun appears in the oppofite one, «w*. at X, 
or in Aries ; and the Circle GPE, which feparatcs the light 
Hemifphere from the dark one, partes through the Poles of the 
Earth, and therefore cuts each Parallel of the Equator into 
two equal Parts, and thereby renders the Days and Nights c- 
very where equal. 

But while the Earth in its annual Courfe moves from M to* 
wards Q> which we will fuppofe to be a quarter of a Circle dif- 
tant from it, its Axis being directed as before, the Pole P 
will gradually advance into the illuminated Hemifphere, and 
that Portion of the Parallels that are therein will continually 
encreafe until the Earth is arrived there : in which Pofition 
the Boundary of Light and Darknefs pafies through FRH, 
the Pole P, and all the Space within the Arctic Circle falling 
wholly within the illuminated Hemifphere ; and thofe Portions 
of the feveral Parallels that are in the Light, will be longer 
than thofe which are in the Dark, all which is evident from 
the Infpe&ion of the Figure. So that in the Northern Hemi- 
fphere of the Earth, die Days will be at longeft, and the 
Nights at the fhorteft. 

Again, as the Earth is moving from (^towards X, the Pole 
P begins to incline towards the Line that diftinguimes Light 
from Darknefs, for the like Reafon that before it receded 
from it ; and therefore thofe Portions of the Parallels that are 

in 
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From this apparent Shifting of the Sun from 
one Side to the other, thofe Parallels of the 
Equator, mentioned in the foregoing Expli- 
cation, have been diftinguifhed from the reft 
by particular Names, as the two Tropics^ and 
the two Polar Circles. The Tropics are TC 
and RN j the former is called the Tropic of 
Cancer ; becaufe when the Sun feems to de- 
scribe that Circle, it then appears to be in the 
firft Degree of that Part of the Ecliptic which 
is diftinguifhed by the Sign Cancer : the lat- 
ter is called the Tropic of Capricorn ; becaufe 
at that time of the Year when it appears to 
defcribe that Circle, it is entering the firft 
Degree of the Sign Capricorn The two 
Polar Circles are FG and HI ; the former 
the ArSlic, the latter the Antarctic. Thefe 
are juft as far diftant from their refpedtive 
Poles, as the Tropics are from the Equator; 
viz. 23 Degrees and an half; this being a 
neceflary Confequence of the Sun's illuminat- 
ing but one half of the Globe of the Earth 
at a Time. 

G 2 The 



in the Light gradually leffen till the Earth arrives there ; at 
which. Time that Line will pafs through It again, and fa make 
the Days and Nights every where equal. 

But afterwards the Pole will begin to fall into the obfcure 
Hemisphere, and fo recede gradually from the Light, until 
the Earth comes to Y; in which Situation not only the Pole, 
but the whole Arctic Circle will be involved in Darknefs ; and 
thofe Portions of the feveral Parallels that are. in the Light, 
will be fhorter than thofe which are in the Dark ; fo that 
the Days will be at the fhorteft, and the Nights at the langcft. 



46 



Of the apparent Part IV. 



The Days and Nights being of aa eqpal 
Length, when the Sun appears to he in thofe 
Points where the Equator cuts, the Ecliptic \ 
{viz. the firft Degree of Aries and Libra) they 
are from thence called the EquinaSial Points „ 
and the Times of the Year anfwering thereto 
the Equinoxes $ one the Vernal, the other 
the Autumnah, and of the EquinoSlicl Points + 
that where the Ecliptic crofles die Equator 
in its Afcent towards the North Pole, is call- 
ed the vernal EquinoBial Point ; that where 
it crofles it in its Dcfcent towards the South 
Pole, the Autumnal , and a Circle imagined. 
to pais through them and the Poles of the 
Earth, is called the EquinoSial Colure. 

And becaufe when the Sua feems to defcribe 
either of the Tropic Circles (that is, when it 
enters the firft Degree; of Cancer or Capri- 
corn) it being about to revert to the Equator, 
docs as it were feem to (land ftill, neither re- 
ceding from, nor approaching towards it, 
thefe Points are called the ' Soj/titial Points 5 
and the Times of the Year anfwering there- 
to arc termed the two Sol/lices ; the one, 
the Summer \ the other the Winter. And a 
Circle conceived to pafs through the Poles of 
the Earth and thefe Points, is called theSol- 
fiitial Colure. And laftly, thefe four Points 
of the Heavens being thofe in- which the Sun 
appears to be when the fourSeafons of the Year 
(viz, the Spring, Summer, Autumn, and Win* 

ter) 
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ter) begin, are diftinguifhed by the Names of 
Cardinal Points. 

If a right Line perpendicular to the Plane 
of the Ecliptic be fuppofed to pais through 
the Center of the Sun, and to be extended 
both ways to the Heavens, this Line is called 
the Axh of the Ecliptic -, and the two Ex- 
tremities thereof, the Poles of the Ecliptic. 
But this Line is oft conceived to pais through 
the Center of the Earth inftead of the Sun; 
for they are fo near to each, other with refpeft 
to the Diftance of the Heavens, that the Dif- 
ference is not material. 

The Sun being; not placed in the Center of 
thofe Eliipfis which the Planets defcribe in 
moving round it, but in one of their Foci, 
as was obferved above, it follows, that they 
muft be farther from the Sun in one Part of 
their Orbits than in knottier. And not only 
£0, but they mud alio move fatter in one 
Fart of their Orbits than in another ; becaufe, 
as has been already demonftrated in Part L 
Chap. VIIL page 46. whatever Orbit a Body 
defcribes, if it be retained therein by any cen- 
tripetal Force whatever, it will defcribe equal 
Areas in equal Times ^ that is, it will move 
fafter in Proportion as it approaches nearer to 
the Body it revolves about, and flower the 
farther it is from it. And accordingly it is 
obferved by Aftronomeri, that the nearer a 
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1 

Planet comes to the Sun in . its Orbit, the 
fwifter it moves. 

The Confequence of this is, that the Sun 
does not appear to move uniformly along the 
Ecliptic ', but in fome Days to defcribe a great- 
er Portion of it than in others. In Winter 
it moves the faftcft; ip Summer the floweft ; 
infbmuch that it takes up eight Days more 
in pafling from the Vernal to the Autum- 
nal Equinox, than in its paflage from the 
Autumnal to the Vernal \ altho* in either of 
thefe Intervals of Time it moves through juft 
half of the Ecliptic (f). 

When an Ellipfe is considered as the Orbit 
of a Planet, the longer Axis thereof is called 
the Linea Apfidum ; and if the Focus F be the 
Place of the Sun (g) y the Point A is called the 
Summa Apjis (bj > or the Aphelion ; and the 

oppofite 

(f) Hence it is, that in one Part of the Year the Sun is 
farther towards the Eaft, and in another farther towards the 
Weft, than it would feem to be, was its apparent Motion in 
the Ecliptic uniform ; fo that it paffes the Meridian fomctimes 
fooner, Sometimes later, than the Time at which a Clock that 
moves uniformly would indicate the Hour of Twelve. This 
is one Reafon that Sun-dials are obferved to go fometimes 
flower, and fometimes fafter. When the Sun appears too far 
toward the Eait, they are too flow ; when it appears too 
much to the Weft ward, they are too quick. But fee this far- 
ther explained, Chap. XIV. 

(g) See Fig. 2 . 

(b) This is the general Name to diflingutfli that Point of an 
Orbit, in which a revolving Planet is at the greateft Diftancc 
from the Body it revolves about. With refpeel to a Body re- 
volving about the Sun, it is called the Aphelion ; but with re- 
fpeel to the Moon eonfidered as revolving about the Earth, it 

is 
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oppofite one B, the Ima Apfi$, or the Perihe- 
lion. The Diftance of a Planet from its A- 
phelion is called its Anomaly ; and this is of 
two Kinds, mean and real ; the latter is its 
real Diftance from its Aphelion ; the former is 
that Diftance at which it would be from it, 
fuppofing its Motion in its Orbit to be^uni- 
form ; and the Difference between thefe two, 
Aftronomers call the Equation^ or Projtbapha- 
refis of the Planet. 

The Ellipfes the Planets defcribe do them- 
felves turn round the Sun, though with a ve- 
ry flow Pace, their Apbelia refpe&ing fome- 
times one Part of the Heavens, and fome- 
times another. In this Age the Aphelion of 
the Earth's Orbit points towards the former 
Part of the Si gn Capricorn. This is the rea- 
fon that the Sun is farther from us in Sum- 
mer than in Winter; for the Sun appearing 
in Cancer in the former Seafon, the Earth is 
then in Capricorn^ and therefore in its Apheli* 
*n % that is, its greateft Diftance from the Sun. 

The Sun being farther removed, from us in 
Summer than in Winter, it may be alked how 
it comes to pais, that fince the Sun is the 
Fountain of Heat, as well as Light, our Win- 
ters are fo much colder than our Summers ? In 
Anfwer to this it is to be confidered, that the 

Rays 

* called the Jpogeon. And the Ima Apfis is the neareft Point, 
which with refpefr to a Body moving about the Sun is: call- 
ed the Perihelion, but with zcfpe& to the Moon the Per^ern^: 
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Rays of the Sun fall with much lefeOWiqni- 
t ty upon the Surface of the Earth on our fide 
the Equator in the Summer, than in the Win- 
ter ; and therefore they not only adt more for- 
cibly upon it, but a greater ^Quantity df them 
fall upon a given Place. Again ; in die Win- 
ter the Sun being much lower in the Hea- 
vens when, at its Meridian Height, than in 
Summer, ks Rays pafs through a longqr Por- 
tion of the Earth's Atmofohere, by which 
great Part arc intercepted, and fome by vari- 
ous Refractions and Reflections turned another 
Way (i). And iaftly, in Summer the Sun con- 
tinues with us fixteen Hours, and is abfent but 
eight j whereas in Winter it h wkh us buteigjhfc 
Hours, and is abfent fix teen. All which things 
conipire to make a confidcraWe Alteration with 
reipeft to Heat and Cold. 

If this be fc, why is not -the Weather hot- , 
ter when the Sun is in the Tropic of Can- 
cer^ its Ray$ then falling with the leaft Ob- 
liquity, and pafling the fhorttft Way through 
the Atmosphere, and the Days being then at 
the longed, than it is about a Month after- 
wards, when the Sun is in the beginning of 
' the next Sign? In anfwer to this it is to be 
remembred, that Bodies are not always the hot- 
teft at that very Inftant the greatest Degree 
of Heat is applied to them : they require Time 

: £/JJSecthe State of the Atmosphere, Part II. Chap. III. 
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to heat as well as to cool; it is the Length of 
Time therefore* that the Heat is applied to 
them, as well as the Degree of it, that de-* 
termines the Quantity of Heat communicated 
td them. 

•For the like Reafon we commonly find it 
warmer about one or two of the Clock in 
the Afternoon, than at twelve, when the Sun is 
in its Meridian Altitude,and its Rays fall thick-* 
eft and moft forcibly upon the Earth. 

The Sun appearing by meahs of the an- 
nual Motion of the Earth (as was illufc 
trated in the beginning of this Chapter) to 
move from Weft td Eaft in the Heavens, it 1 
happens, that if any Star rifes or fets along with 
the Sun at any time, that Star will aftei: 
a few Days rife or fet before it ; becaufe the 
Sun's apparent Place in the Heavens will be 
removed to the Eaftward of the Star. So that 
thofe Stars which at one time of the Year 
fet with the Sun, and therefore never appear 
at all, fhall at another time of the Year rife 
when the Sun fets, and ihine all Night. And as 
any one Star fhifts its Place with refpedt to the 
Sun, and in Confequence of that with refpedt 
to the Hour of the Nlght> fo all the reft do y 
and from hence it is, that all thofe Stars which ; 
at one time of the Year appear on any one 
fide of the Pole-Star in the Evening, (halt 
half a Year after, at the fame Hour, appear oil 
the contrary Side thereof. 

H CHAP. 
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C ft A P. V. 

Of tbi Earth's annual Parallax, the 

' Nutation of the Poles, and the Pre* 

ccffion of the Equino&ial Points. 

Ince the Axis of the Earth is aliways pa- 
J rallel to itfelf, it is in different Parts of 
£ Year directed towards different Parts of 
the Heavens ; and therefore to a Spectator on 
the Surface of the Earth, who cannot be fei>- 
fible of his Change of Place, the apparent 
traces of the fixed Stars are differenkwhen 
viewed from oppofite Points of the Earth's 
Orbit. Thu§letS(Fig. 8.} reprefent the Place 
of the Sun, AB the Orbit Qt the Earth, and 
when the Earth is at A, let its Axis be dire&ed 
towards the Point C in the Heavens ; then 
when the . Ear.th is arrived at B, the oppo- 
fite Point of its Orbit, its Axis being pa- 
rallel to its former Pofition, will be direct- 
ed, to a different point in the Heavens, vix. 
to D, as far diitant from the former as the 
Point A is from B, that is, a Space equal to the 
Diameter of the Earth's Orbit ; And therefore- 
to a Spectator on the Surface of the Earth, 
the Places of the fixed Stars appear remqved 
as far as from Cto D,'w'z. by the* Quanti- 
ty of the Angle, CBD j or^ becaufe the Lines 
AC and" BD are parallel, by the Angle BCA, 
whkh is* that under which the Orbit of the 
* Earth 
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Earth would appear from a fixed Star at C. 
This - Angle is by Aftronomers called the 
Parallax of the Orbis magnus, or the Earth's 
annual Parallax. 

If this Angle could be accurately taken, the 
Diftance of a fixed Star at C, with refped to 
that of the Sun at S, might be found by the 
Rules of Trigonometry (a). But by reafon <if 
the great Diftance of the fixed Stars, that Angle 
is fo exceeding fmall that it cannot b& taken 
with any tolerable Accuracy, even with the 
beft Inftrumente. It has appeared to fome to 
contain about 47 Seconds or a Minute, ac- 
cording to which die Diftance of the Stars 
muft be five hundred thoufand Millions of 
Miles from us 5 but to others, particularly to 
Flamjiead, who has taken great Pains to ol> 
ferve it accurately, k has appeared to contain 
but 42 Seconds, according to which the Dis- 
tance of the Stars muft be much greater, 

Altho' we hitherto have looked upon the 
Axis of the Earth as being always parallel J© 
itfelf, yet it is ri<)t fo f but is fubjedt to a 
twofold Motion ; to the one is owing the Nu»- 

H 2 \ lation 

(a ) For the Angle DBC being taken by Obfavation, lis 

Equaf ACB is had ; and the Angle B AC, or SAC» fubtends an 
Arch ©T the Heavens that meaiures the Diftance between the 
Place «f die' Sun and ink (aid Point, and may therefore ea- 
fily be obtained : and tanfauentry* by the Rales of Trigonometric 
the Proportion which the Line AC or the £>iftance of the Star 
from the Earth, bears to the Line AB t which is double the 
Sun's Diiiangp, may be found. 
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tation of the Poles, to the other the Pre- 
ceflion of the Equino&ial Points, which are now 
to be explained. The firft is a Deviation of the 
Earth's Axis from its Parallelifm with itfeif 
twice in the Year, and a Returning to it as ofv 
For inftance, the Inclination of its Axis to the 
Plane of the Ecliptic increafes while the Earth 
is moving from the Solftitial to the Equinoctial, 
and diminifhes as much in its Paflage from 
the Equinoctial to the Solftitial Points. So that 
the Inclination of the Axis of the Earth to the 
Ecliptic is, notwithftanding this, at oppofite 
Points of its Orbit always the fame. This 
Nutation therefore docs not in the leaft inter- 
fere with what was faid with regard to the 
Earth's annual Parallax, in which though we 
fuppofed that Axis always parallel to itfeif, yet 
we confider'd it only in oppofite Points of its 
Orbit. This is called the Nutation of the 
Poles (b). The other indeed clafties a little 
with our former Supoofition • but taking a 
fingle Revolution of the Earth by itfeif, as 
we have hitherto done, it is fo fmall as to be 
quite infenfible, tho' not fo when we take a 
many Revolutions together. Accordingly, by 
comparing feveral Years together, Aftronomers 
have obferved that the Axis of the I^arth de- 
viates 

. (b) As the Indication of the Axis of the Earth is thus 
twice augmented and twice fliminiihed, while the Earth re* 
volves about the Son, in like manner it is twice augmented, 
. and twice diminiihed in each Revolution of the Moon about 
that. 
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viates a little from the Dire&ion it formerly had; 
notwith (landing which Deviation, its Inclina- 
tion to the Ecliptic remains the fame. To il- 
Juftrate the manner in which this Alteration 
in its Dire&ion is made, let S (Fig. 9.) repres- 
ent the Sun, the Circle XEY the Earth, AB 
the Plane of the Ecliptic, EL the Axis of 
it, which we will now fuppofe to pafs thro* 
the Center of the Earth, and let P Q^ denote 
the Axis of fhe Earth. On the Surface of 
the Earth, and round the Points E and LJ 
let us conceive the two fmall Circles PTX 
and Qy Y to be defcribed. Then if at any 
Time the Pofition of the Earth's Axis is in 
the Line PQ, as we have fuppofed, after fe-^ 
veral Revolutions of the Earth about the Sun 
it fhall be fouftd in thef Situation CD; arid af- 
ter fcveral more Revolutions it 'fhall be re- 
moved into the Situation TV, &c. the one 
Pole of the Earth defcribing the Circle PCTX t 
and the other QDVY : fb that notwithftand- 
ing this Change in the Direction of the Axis 
of the Earth, its Inclination to the Plane of 
the Ecliptic remains the fame, the Poles of 
the Earth bring -every where at the fame Dis- 
tance from E and L, the Poles of the Eclip- 
tic. But this Motion of the Poles is fo very 
flow, that they do not perform their Revo- 
lution in lefs, than 25,920 Years, which is at 
the Rate of one Degree in 72 Years. 'It 
is performed in a DireiUon contrary to that 

of 
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of the Order of the Signs, or from Eaft to 
Weft. Which is termed by Aftronoraers, a. 
Moving in Antecedent ia ; whereas when a Bo- 
dy moves according to the Order of the Signs* 
its Motion is faid to be in Confequentia. 

From hence it follows, that die Solftitial Co*- 
lure, which pafles both through the Poles of 
the Ecliptic and of the Earth, rauft necefta* 
rUy turn round the Axis of the Ecliptic in 
the fame Dire&ion, or contrary to the Older 
of the Signs * and with that die Equino&ial 
Colure alfo, becauic thefe crofe one another 
at right Angles in the Poles of the Earth. 
Whatever Star therefore the Equino&ial Points 
are directed towards at any particular Time> 
after 72 Years they will not be diredfced to 
the fame, but to ibffie other Star or Point of 
the Heavens, iituated one Degree towards the 
Weft. This Motion of the Equinodtial Points 
is called their PreceJJhn. And from hence 
the Stars feem to move towards the Eaft, and 
thereby to have their Longitude (which is al- 
ways reckon'd upon the Ecliptic from the 
vernal Equinoctial Point) increased. The Con* 
jftellations therefore feem all to have deferred 
the Places allotted to then) by tfoe firft Aftrono- 
ii^ers. For Inftance, the beginning of the Sigrt 
Jtrm x which was near the vernal Equinoc- 
tial Point, and gave Name to that Point of 
the Ecliptic , is itow advanced about an whole 
Degree forwards : So thai Aries is now where 

Taurus 
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Taurus ufed to be j Taurus where Gemini ,&c* 
But to avoid Confufiori, Aftronomers have 
thought fit to let the feveral Portions of the 
Ecliptic, where thefe Conftellatiohs were at 
firft obferved to be, retain their old Names (c) 5 
fo that the vernal Equinoctial Point is ftill 
reckoned the firft Degree of Aries (d). 

(c) Thole Portions of the Ecliptic, where the Conftellatioiwi 
were at firft, are called Aiu$t*% thofe. wh^rc they no*i ac^ 
are diflinguiihed by the Titles of SteBat*. 

(d) The ancient Afironomers obferving this Motion of the 
ixed Stars, and not knowing how to account for it, conclud- 
ed that they really had fuch a Motion, and called the Time 
of an entire Revolution of them, Jmms Magnus* or the great 
Year. And imagined that when that great Year was ended, 
and the Stars reinftated in their proper Places, all Thinga 
would begin to be done over again in the World, not only 
in the fame Order and Manner, bu| by the lame Persons they 
were done before. 

The Caufes of this Preceffion, as alio of the Natations above 
mentioned, will be accounted lor when we treat of the Cauita 
tjf the. Motions of the heavenly bodies. 
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C HA P. VI. 

Of the Phenomena which arife from 
the Motion of the Earth and of 
the Inferior Planets-^ Mercury and 
Venus conjointly. 

Since the Orbits of Mercury and Venus are 
included within that of the Earth, it is 
evident neither of them can come to an Op- 
pofition to the Sun ; that is* appear in the op- 
posite Part of the Heavens with refpedt to it, 
but muft always accompany it in its apparent 
Motion through the Ecliptic, juft as the Sa- 
tellites of the primary Planets do in reality 
accompany them. But whereas they perform 
their refpeftive- Revolutions about the Sun 
in Periods different from that of the Earth, 
it is obvious they muft be fometimes on ofte 
fide of the Sun, and fometimes on the other 
with refpe<£t to us 5 fometimes be between the 
Sun and us, and fometimes diredtly beyond it. 
When they are between the Sun and us, they 
are faid to be in their inferior Conjunction ; 
when beyond it, in their Juperlor Conjunction : 
dnd when they appear to be removed the far- 
theft from the Sun, .on either Side, they are 
then faid to be in theif greatcft Elongation* 

Tq 



rr 



* 
1 

i 

11 



Chap. 6. from the Earth's Motion. 59 

To iiluftrate this, let S (Fig. 10.) reprefent 
the San, ABCD the Orbit of one of the 
inferior Planets, fuppofe Venus 5 £ the Place 
of the Earth in its Orbit; FG and HI a 
Portion of the Heavens. Then will A be the 
Place of its inferior, C that of its fiferior 
Conjunction ; in both which Caies it will ap- 
pear in the Heavens to be at K, which is vxt 
apparent Place of die Sun. When it is at B 
or D, where a Line joining its Center and that 
of the Earth touches its Orbit, it then ap- 
pears at I or H, and is laid to be in its 
greateft Elongation, which is about 48 De- 
grees (#). But this is liable to fome Altera* 
tbns becaufe as its Orbit is an EUipJe, it isfomc- 
times nearer the Sun, and fbmetimes farther 
from it, in its greateft Elongation. 

From hence we fee the Reafon why the 
Planet Venus is fbmetimes laid to be our 
Morning Star, and fometimes our Evening Star: 
For after it has pafled its inferior Qtnjunffim 
with the Sun, and is afbending towards itfr 
fuperior one, it is all that Time on the JVefiern 
fide of the Sun, and therefore ncceflarily rife 

I every 

(a) Hence the Diftancc of Vitus from the Sod, witfr re- 
fre& to that of the Earth from the fame, is found. For if in 
the Triangle BBS, we take the Angle at E, when that at Jl 
is a right one, the Proportion between the oppofitc Sides is hid 
fym tf# known RxfatfWfigumitrj. The fterfm why the 
Angle at Bis not ahrajt a right' ?ne, is, becatffe the Orbit 
•f die Planet is not a Circle, but an IU&. m 
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every Morning before it, and is then our Morn- 
ing Star. On the other hand, while it de- 
scends from its Juperior to its inferior Con- 
jun€iion> it is to the Eaftward of the Sun, and 
therefore rifes and fets after it ; and appears to 
us only in the Evening after the Sun is down. 

Farther j altho' the Motion of the inferior 
Planets in their Orbits is diredt, or accord- 
ing to the Order of the Signs, yet they fre- 
quently appear to be retrograde, or to move 
the contrary, Way; and fometimes to ftand ftill. 
When they are near their inferior ConjunSlion 
with the Sun, they feem to move one Way, and 
when near their Juperior ConjunSlion, they ap- 
pear to go another. And at that Time when 
their diredt or progreflive* Motion is changing 
into a regreflive one, or the contrary, they 
feem to ftand ftill. All which may be il- 
luflrated in the following Manner. . 

Let ABCD (Fig. 10.) reprefent the Orbit, 
of the Planet Venus, S the Place of the Sun, 
E the Earth, FG a Portion of its Orbit, and 
HI the Sphere of the fixed Stars, as before ; 
and becaufe Venus moves fafter than the Earth, 
let us fuppofe the latter, to ftand ftill, and the 
former to move with the Differences of their 
• Velocities : Then while Venus defcribes that 
Portion of its Orbit that is reprefented by I>AE}, 
it will feem from the .Earth to move from 
H to I in the Heavens, which is contrary tb 
its real Motion, arid to the Order of the Sign%;/ 

and 
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and in moving over the remaining P?irt of 
its Orbit, it will feem to pafs from I to H. 
And was the Earth really to ftand ftill, as we 
fcave fuppofed, it would be ftationary, or feem 
to have no Motion either Way, at the Points B 
and D. 

But as the Earth does not (land ftill, but 
continues to move on in its Orbit, Venus will 
not feem ftationary exactly at the Points B and 
D 5 but during its Motion through a certain 
Part of its Orbit, as LM, where fuppofing the 
Lines EL and OM parallel to each other, 
their Orbits are fo inclined to each other, that 
the Space LM fhall be to the Space EO as 
the Velocity with which Venus moves is to 
that with which the Earth moves 5 for it is 
evident, that in that cafe the Earth will pafs 
through EO while Venus paftes through LM, 
and therefore it will appear all the Time in the 
fame Part of the Heavens, becaufe the Diftance 
between thofe parallel Lines is nothing, when 
compared to that of the Heavens. 

There is alfo another Particular to be taken 
Notice of with regard to the apparent Motjon 
of the Inferior Planets, m, that they dp 
not feem to defcribe the Ecliptic in the Hea- 
vens as the Sun does, but are obferved to be 
fometimfes above and fometimes below it. The 
Reafon of this is, that their Orbits are in- 
clined to the Plane of the Earth's, having one 
Half above it and the other below it, on which 

1 2 account 
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account they interieft the Plane of the Eclip- 
tic in a line that pafles through the Center 
of the Sun (the Center of the Sun, as was 
obfcrved above, being in the Planes of each 
Orbit.) This Line is called the Line of the 
Nodes, and the two Points of the Ecliptic, 
through which it pafles when produced to the 
Heavens, are called the Nodes. Thefc Pla- 
nets therefore never appear in the Ecliptic ex- 
cept when they are in their Nodes, and in all 
otner Parts of their Orbits feem to be more 
or lefi diftant from it, according as they are 
fituated with refpedk to them ami the Earth. 
But if we fuppofe them to be fecn from the Sun, 
their greateft Diftance from the Ecliptic will 
be when they are fartheft removed from their 
Nodes. 

, Their Diftances from the Ecliptic, as it 
would appear if feen from the Center of the 
Earth, is called their Geocentric Latitude j 
as it would appear from the Center of the 
Sun, is called their Heliocentric Latitude. 

There is a remarkable Pbanomenon relat- 
ing to the inferior Planets, which was not 
known to Aftronomers, till dilbovered by 
die Teldcopt; and that is, that in their diffe- 
rent Situations with refpeft to the Earth, they 
aflume different Pbafes, or Appearances, like 
thofe of the Moon. Which may be explain- 
ed in the Mowing Maimer. 



*l 
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Let A,B, C, D, (Fig. u.) reprefent the 
Situation of one of the inferior Planets {Venus 
fiippofe) in feveral Parts of its Orbit, and let 
S be the Place of the Sun, and I that of the 
Earth in its Orbit KL : and if from the 
Center of the Sun to that of Venus in its 
ieveral Stations we draw the Lines SA, SB t 
&c. refpedi vely j and at right Angles to 
thefe the Lines MN, MN, &c. thefe laft 
Lines will reprefent Circles upon the Surface 
of the Planet, feparating the enlightened from 
the obfeure Hemifphere. And if from the 
Earth to the Planet we conceive the Lines 
IA, IB, GV. to be drawn, and at right An- 
gles to thefe the Lines OP, OP,.6fo refpec- 
tively, thefe latter will reprefent Circles fe- 
parating that Part of the Planet which is turn- 
ed towards us from that which is not. Thefe 
we may call Circles of Vifion. Now it is e- 
vident, that when Venus is in its inferior Con- 
junction at A, the Circles MN and OP coin- 
cide, and no Part of the Planet befides its un- 
ilkminated Hemifphere is turned towards us j 
in which Cafe it is in vifible, unlefs it happens 
at that Time to be in or near the Plane of 
the Ecliptic > which if it be, it appears as \ 
Spot upon die Surface of the Sun. When it 
has advanced in its Orbit as far as B, there 
is a fmall Part of die illuminated Hemifphere 
included between the Lines OB and BM, on 
tbqt fide the Circle of Vi&wa which is next 

the 
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the Earth; jn which cafe, fince by reafon of 
its great Diftance from us we cannot diftin- 
guifh the Convexity of its Surface, < it appears 
is a flat round Surface, a fmall Portion of 
which is illuminated^ the reft being dark ; and 
£0 appears horned \ like the new Moon (b). 
When it has arrived at C, then is half its 
illuminated Hemifphere turned towards us, 
afid it appears as a round Surface, half of which 
is enlightened, and half not. When it has. 
got to D, then is the greateft Part of its illu- 
minated Hemifphere turned towards us, and-' 
it appears as a round plain Surface almoft 
wholly enlighten'd, or what the Aftronomers 
call gibbous. When it is in its fuperior Con- 

• jundfcion 

(bj The Reafon why Venus or any other Planet (the Moon , 
fuppofe) appears homed, when a finall Portion only of her il- 
luminated Hemifphere id turned towards the Eye of the Spec- 
tator, will perhaps in fome Meafure appear from the Conii- 
cleration of the 1 2th Figure. In which let ABCD reprefent 
the Planet Vettus, or any other Body of a globular Form; which 
that it might the better do, I have drawn fome of thofe Cirr. 
des which are ufually found on Globes defigned to reprefent 
the Earth. Now if half this Globe be illuminated, and half 
be in the dark, and if only fo much of the illuminated Part 
as is included within the Space ABCE be turned towards the 
Eye; the remaining Part AECD being obfcuie, it is plain, 
that the iKummated Part ABCE, wnen the whole Surface AB 
CD, by reafon of the great Diftance of the Globe, appears flat, 
iriuft fcem to be horned. And again, if the Space ABCE was 
a Portion of the dark Hemifphere, and AECD of the illumi- 
nated, 'tis certain that when both are confidered as making up 
one flat Surface, the illuminated Part muft appear convex, or 
gibbous, on.the Side AEC. which is contiguous to the unitfuT* 
urinated Hemifphere ABCE. 



J 
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jun&ion at E, the Circles MN and OP coin- 
cide again, and the whole enlightened Hciriif- 
phere is turned towards the Earth ; in which 
Situation the, whole illuminated Face of the 
Planet is turned towards the Earth, and,*if not 
intercepted by the Body of the Sun, appears 
like the Moon at the Full. After which it 
puts bn the fame Appearances again, but in an 
inverted Order, till it arrives at A, where it 
is invifible, as before (c). 

What has been here illuftrated with regard 
to Venus, is to be underftood in Reference to 
the like Pbanomena of Mercury ; only with 
this Difference, that the Orbit of Mercury bet- 
ing lefs than that of Venus , its greateft Elon- 
gation is not fo great as that of Venus, not 
exceeding about. 3 3 Degrees. Upon which 
Account this Planet is rarely to be feen with 
the naked Eye. And as Mercury revolves 
round the Sun in lefs Time than Venus does, 
its direSl Motions, Stations and Retrogradations^ 
as alfo its Conjunctions with the Sun, fucceed 
one another quicker than thofe of that other 
Planet. 



(c) Before the Invention of the Telefcope, when Coper- 
nicus revived the old Pythagorean Hxpothefis, it was objected to 
him, that, according to that Scheme, Venus ought to ailume the 
.like Phafes with the Moon. To which he replied, that pof- 
fibly fome .Means would be found out, whereby fucceeding A- 
ftronomers would difcover that it did fo. The' firft that ob- 
ferved it was Gallilaw, who thereby^ greatly confirmed the 
Truth of the Copernican Syftem. 

C H A P. 
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CHAP. VIL 

Of the Phenomena which are owing 
to the Motion of the Earth, and that 
of the fuperior Planets Mars, Ju* 
piter, and Saturn conjointly 

THE fuperior Planets do not always feent 
to accompany the Sun, as we have 
(hewn in the foregoing Chapter that the in- 
ferior ones do ; but are fometimes in Conjunc- 
tion with it, fometimes in Opposition: and 
are liable, as was obferved before of the Pla- 
net Mars, to be feen at any Diftance from 
it. 

To illuftrate this, let S (Fig. 13.) represent 
the Place of the Sun, ACE the Orbit of the 
Earth, NRM that of one of the fuperior Pla- 
nets (fuppofe Mars) and let OP be a Portion 
of the Zodiac. Now fince thefe Planets per- 
form their Revolutions about the Sun in dif- 
ferent Times from that wherein the Earth 
£oes round its Orbit, it is poffible, that when 
file Earth is at E, Mars may be at M, or it may 
be at N \ vx the former Situation, it is in Con- 
junction with die Sun, in the latter it is in 
Oppofitioji : or it may be at R, or at T, or 

ia 
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in any Situation with reipedt to the Sun and the 
Earth whatever. 

The fuperior Planets have this in common 
with the inferior ones, viz. that according as 
the Earth is fituated with refped: to them, 
they fcmetimes feem to mpve forwards ac- 
cording to the Order of the Signs, fometimes 
contrary to that Order; and between the Times 
of their being thus dire SI and retrograde \ they 
feem to ftand ftill, as (hall be made evident 
by the following Illuftration. 

Things remaining as before in the thir- 
teenth Figure, fince the Motion of the Earth 
is quicker than that of Mart, let it be fup- 
pofed that Mars ftands ftill at N, and that the 
Earth is moving with the Difference of their 
Motions from B to C : It is obvious, that in 
this Cafe Mars will feem to pafs from O 
to P, which is contrary to the Order of the 
Signs ; but while the Earth is pafling - over 
the other Part of its Orbit, viz. GAB, the 
Planet Mars would feem to move back a- 
gain from P to O, even though it had no Mo- • 
tton of its own. Since then it is moving that . 
Way all the Time, it neceflarily feems' to 
move according to the Order of the Signs ; 
tho' with this Difference, that it feemsto move * 
fafter than it would do were it not for the 
Motion of the £arth in the mean time. A- 
nalogous to what was obferved of the inferior ? 
Planets (fince Mars does not ftand ftill, as we 

K have 
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have fuppofed) it will not appear to be Stationary 
when the Earth is at B and C, but during the 
Motion of the Earth through a certain Part of 
its Orbit, as LH, which, iuppofing the Lines 
LN and HI parallel is to the Portion of 
Maris Orbit NI (through which that Planet is 
moving at the fame Time) as the Celerity with 
which the Earth moves is to that of Mars. 

What was faid in refpedt of the inferior 
Planets, that they do not always appear in the 
Ecliptic, holds alfo with regard to the fupe- 
rior ones. For their Orbits are alfo inclined 
to that of the Earth, one Side of them being 
above, and the other below it $ fo that thofe 
have alfo their Heliocentric and Geocentric 
Latitudes as well as the other, and are never 
to be feeji in the Ecliptic, but when they are 
in their Nofys. 

What hafc been iiluftrated with regard to 
Mars, is applicable to the other two fuperior 
Planets, only with this Difference 5 that the 
Motion of Saturn is more frequently chang- 
ed from progreffive to regreffive, than that of 
Jupiter ; as alfo its Oppofitions and Conjunc- 
tions with the Sun are more frequent. The 
Reafon of this is, becaufe as Saturn moves 
much flower than Jupiter, the former is more 
frequently overtaken and pafs'd-by by theEarth 
than the latter. And as thefe Phenomena hap- 
pen ofter in Saturn than in Jupiter, fo they 

do 
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do more frequently in "Jupiter than in 'Mars 
for the lame Reafon. 

So fmall is the Diftance of the Earth, with 
refpeft to that of Jupiter and Saturn y from 
the Sun, that in whatever Part of their Orbits 
they be fituated with refpedt to the Earth, 
that Side of them, as to Senfe, which is turn- 
ed towards the Sun, is always towards the 
Earth ; on which Account they always appear 
to us as ihining with a full Ort>. But it is not 
fo with refoett to Mars ; for fince that Planet 
i6 not much farther removed from the Sun than 
the Earth, it is obvious that that Side of it 
which is turned towards the Sun will not al- 
ways be towards the Earth. For inftance; 
though when Mars is at N, and the Earth at 
A or E, ' its illuminated Hemifphere is diredt- 
ly towards the Earth, yet it is turned away 
from it corifiderably when the Earth is at B 
or C ; at which time therefore it appears to 
want fomething of its ufual Rotundity, or to 
be Gibbous like the Moon, a little before 
or foon after the Full. 

As the inferior Planets MercUry and Venus 
have their refpedfcive Elongations from the Sun 
when feen from the Earth j fo the Earth, if 
we imagine it to be viewed from the fuperior 
Planets, hath alfo its Elongation from the 
Sun. But this being a Phenomenon, which 
has not happened to our Aftronomers to fee, 
they give it a different Name, and call it when 

K 2 at 
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at the greateft, from a Phenomenon in the 
fuperior Planets depending upon it, the Paral- 
lax of the Semidiameter of the Earth's annual 
Orbit in tbofe Planets: by which is meant, 
the Difference between the Place in the Hea- 
vens the Planet would appear in if feen from 
the Center of the Sun, and that in which it 
would appear if feen from the Center of the 
Earth, when at its greateft Elongation from the 
Sun with regard to that Planet. To explain 
this, let N be the Place of the Planet, and 
B that of the Earth in its greateft Elongatir 
oil from the Sun, as feen from that Planet, 
.Then will the aparent Place of the Planet as 
feen from the Sun (that is, its true or Heli T 
ccentric Place) be Q, but its Geocentric, or ap- 
parent Place as feen from the Earth, will be Q. 
Now becaufe the Arch QO fubtends an An- 
gle (viz. QNO) at the Planet which is e- 
qual to SNB, viz. that which SB, the Sc-r 
midiameter of the Earth's annual Orbit 
fubtends, the aboyementioned Difference in 
the apparent Situation of the Planet is call- 
ed the Parallax of the Semidiameter of the 
Earth's annual Orbit in that Planet (a). 

This 

(a) Hence, as was obferyed of the Inferior Planets, the Dis- 
tances of the fuperior ones" from the Sun with refpecl to that 
of the Earth from thence, may be found. For in the Trian- 
gle SBN, all the Angles being known, the Relation between 
the two Side BS and SN is had by the known Rules of 
Trigonometry. The Angle SBN is had from immediate OB- 

fervation, 
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This Angle in Mars is "'but 42 Degrees, 
in Jupiter not above 1 1 : In Saturn it is but 
the fourth part of the greateft Elongation of 
Mercury feen from the Earth, viz. about 6 
Degrees. So that fince Mercury by reafon of 
its Nearnefs to the Sun is rarely feen by us, 
in all Probability the Aftronomers in' Saturn 
(if there be any) do not know that there is 
fuch a Body in the Univerfe as our Earth, 

fervation, as being fubtended by an Arch in the Heavens be- 
tween the apparent Place of the Planet and that of the Sun* 
The Angle at N is equal to the Difference between the real 
and apparent Place of the Planet ; the firft of which is 
found by Computation, the latter by Calculation. In Jupiter* 
the beft Way of finding that Angle is from his Satellites, die 
Method of doing which {hall be (hewn when we have confide?- 
fd the Phaenomena of thofe Planets. 
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CHAP. VIII. 
Of the Phenomena of the Moon* 

* • 

* 

HAving now finifhed what relates to the 
Phenomena of the Primary Planets, 
we proceed to confider thofe which are ow- 
ing to the Motion of the Secondary ones ; and 
fir ft of the Moon, which is the conftantand 
only Attendant of the Earth, and is always 
fo near it, that if the Earth and the Mooa 
Were viewed together from the Sun, the 

* Moon 
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Moon at fuch Time as it would appear the 
fartheft from the Earth would not feem ta 
be at a greater Diftance from it than what 
is equal to one third Part of the Breadth of 
the Sun's Body, as it appears to us. 

Since the Moon is an opake fpherical Body, 
and revolves about us in fuch Manner as to 
pafs between the Sun and the Earth, it is 
absolutely neceflary it ihould pat on differ- 
ent AppearanceSy according to its various 
Pofition with refpeft to the Sun and the 
Earth ; its illuminated Hemifphere being con- 
ftantly turned towards the Sun the Foun- 
tain of Light, and for that reafon fometimes 
a greater and fometimes a lefs Portion of it 
turned towards us. To (hew this, little need 
be laid, after fo full an Explication of the 
leveral Phafes of Venus, as was delivered in 
Chap. VI. 

When the Moon is between the Earth and 
the Sun, that is, in Conjunction with the Sun, 
its whole illuminated Hemifphere is turned 
from us, in which Station it is faid to be 
'Near i afterwards when by its Motion in its 
Orbit it emerges out of the Sun's Rays, a 
fmall Portion of that Hemifphere which is 
turned towards the Sun is alio turned towards 
the Earth, and then (as was obferved of Venus) 
the Moon, by reafon of its great Diftance 
from us, appearing as a flat Surface, one Edge 

of 
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of that Surface appears brighter than the reft 
of it, and fo the Moon in this Situation ap- 
pears horned ; and becaufe it moves from Eaft 
to Weft, as was obferved above, it at this Time 
appears to the Eaftward of the Sun; upon, 
which account it feems to follow the Sun in 
its daily Courfe, riling and fetting after it. 
When the Moon is got to a quartile Afte€k y 
as Aftronomers call it,(that is, to the Diftance of 
a quarter of a Circle in the Heavens from 
the Place of the Sun) then is half of its il- 
luminated Hemifphere turned towards us, and 
half from us, in which Cafe it appears to us 
as a plain round Surface half illuminated, and 
half not. When it has advanced a little far- 
ther it its Orbit, and got farther from the Sun t 
more of its illuminated Hemifphere becomes 
vifible to the Inhabitants of the Earth ; whence 
it appears like a plain round Surface, fomc- 
what defe&ive of Light on that fide which 
is from the Sun, and is iaid to be Gibbous. 
When it comes to an Opposition with refpe£t 
to the Sun, it then turns the fame Side di- 
rectly towards the Earth that is towards the Sun, 
at which time it appears to us wholly enlight- 
ened, and is thdrefore called the full Moon. 
And as it performs the other Part of its Re- 
volution, it affumes firft a gibbous, then an 
halved, afterwards an horned 'Face ; and when 
it arrives at its Conjunction with the Sun, it 

difappears 
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difappears for a while, the obfcure part only 
being turned towards us, as before. 

When the Moon is horned, the darker He- 
mifphere, or that which is turned from the 
Sun, has a faint Light diffufed over it, fuffi- 
cient to render it vifible. This Light is ow- 
ing to 'a Reflection of the Sun's Rays from the 
Surface of the Earth to that part of the Moon. 
For as the Moon when at the JFW/, by means 
of its enlightene Hemifphere which is then 
turned towards the dark Side of the Earth, 
fliines upon it, and affords a certain Degree 
of Light ; fo the Earth when the Moon is 
at the New , has its enlightened tfemifphere, 
(.or that fide where it is Day) turned to- 
wards the obfcure Hemifphere of the Moon, 
and enlightens that, but in a much greater 
Degree than the unilluminated Hemifphere of 
the Earth (or that fide where it is Night) 
is enlightened by the full Moon 5 the Earth 
being confiderably larger than the Moon. §0 
that as that Body is a Moon to us, our Earth 
is a much larger and more luminous one to 
that. 

The Time in which the Moon performs 
one entire Revolution about the Earth from 
any Point of the Zodiac to the lame again, is 
called a Periodical Month. This Month con- * 
lifts of 27 Days, 7 Hours; and 43 Minutes. 
But the Synodical Month, which is the Time 
the Moon takes up in pafling from one Con- 
junction 
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junction with the Sun to another, is larger 
than this by about two Days and 5 Hours. 
The Reafon of this is, that while the Moon 
is pafling from one Conjunction to another, 
the Sun by means of the Earth's Motion in 
its Orbit, is in appearance advanced towards 
the Eaftj fo that when the Moon comes round 
to that Part of the Heavens where the Sun 
was at the foregoing Conjunction, it is not 
then in Conjunction with it again, but has 
fuch a Portion of the Heavens to defcribe, as 
takes up fo mu^h more time, as, being added to 
the Periodical Month, makes it up 29 D^ys, 
12 Hours, 44 Minutes, and 3 Seconds ; which 
is the Sy nodical. But perhaps the 14th Figure 
may make this clearer : in . which let S re- 
prefent the Sun, £ the Earth moving in its 
Orbit AB from A towards B, and let MNO 
denote the Orbit of the Moon, and M its 
Place therein when in Conjunction witfy the 
Sun. Now while the Moon defcribes its Or-, 
bit MNO, let it be fuppofed that the Earth 
advances in its Orbit from E to e y in which 
Cafe the Moon's Orbit will be found at mno % 
and the Point M will be at m in the Line 
ed, if we fuppofe it parallel to ES. And there- 
fore when the Moon comes to tn y it will 
have performed an entire Revolution about its 
Orbit ; but will hot be in Conjunction with 
the Sun, but has Hill the Arch mp to defcribe 
. . w . . . . . L before 
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before it reaches that Point of the Heavens 
in which the Sun will then appear to be. 

The Kane of the Moon's Orbit is not coin- 
cident with that of the Earth, but makes with it 
an Angle of about 5 Degrees, cutting it ia 
two Points oppofite to each other, after the 
fame Manner as the Equator and the Eclip- 
tic were obferved to cut each other $ fo that the 
Moon does not feem to defcribe the Ecliptic 
in moving round its Orbit, but one half of 
the Way it declines towards the North y the 
other half towards the South. The two Points 
where the Moon's Orbit pafles through the 
Plane of the Ecliptic, are called the Nodes * 
and a right Line drawn from one of thefe 
Points to the other, will pals through the Cen- 
ter of the Earth (that being in the Plane of 
the Moon's Orbit as well as in that of its own) 
and is called the Line of the Nodes. That 
Node through which the Moon pafles from 
the South Side the Ecliptic to the Northern 
is called the Afcending Node \ the other thro' 
which it. pafles from the North to the South 
Side, is called the I)efcending Node (a). 

The Extremities of the Line of Nodes are 
not always directed towards the fame Points 
of the Ecliptic, but continually ftiift their 
Places from Eaft to Weft, or contrary to the 

Order 

* 

^ (a ) Aftronomers often exprefs the former of thefe Nodes by 
this Mark Q, which they call the Dragctfs Head-, the lat- 
by ?? , which they call the Dragon's Tail. 
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Order of the Signs ; performing an entire Re- 
volution about the. Earth in the Space of forae* 
thing lefs than 19 Years. 

As was obferved of the primary Planets, 
the Moon alfo moves not in a Circle, but in 
an ILIlipfe, one of whofe Foci is in the Cen- 
ter of the Earth. And the Lima Apfidum 
of it is not carried along wfth the; Earth in 
a Direction parallel to itfelf, but continual- 
ly turns round the Center of the Earth thro* 
which it paifes from Weft to Eaft, or accord- 
ing to the Order of the Signs, in the Space 
of about 9 Years. 

The Moon being iirbje& to the Influence of 
the Sun as well as the Earth, it is not only 
liable to various Irregularities m its Motion, 
but its Orbit is wont to put on different Forms 
and Motions, all which depend on its Situation 
with refpedt to thofe two Bodies, They are 
theft that follow. 

I. The nearer the Moon is to its Syzigies, 
(that is, its Conjundion or Oppofition with the 
Sun) the greater is its Velocity ; and the nearer 
it is to the Quadratures (that is, the firft and 
laft Quarter) the flower it moves (b). 

XL It does not defcribe Areas proportion- 
able to the Times, except in the Qua- 
dratures and Conjunctions. 

L * III. 

• f 

* « 

(ti This Irregularity was obfenred by lycia Siate, Viko 
gave it the -Name of the Moon's Variation. 
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III. Its Orbit isfomewhat more curved in the 
Quadratures, than it would be if the Moon 
were only influenced by the Earth j and lefs 
curved in the Syzigies,the Moon running farther 
off from the Earth in the Quadratures than in 
the Syzigies. 

IV. When the Earth is in its Perihelion, 
(that is, in that Part of its Orbit which is near- 
eft the Sun) the Periodical Time of the Moon 
is greater than when it is in its Aphelion, or 
fartheft from the Sun : fo that the Lunar 
Months of one Part of die Year exceed thofc 
of another. 

V. The Linea dpfidum of the Moon's Or- 
bit goes forwards when the Moon is in the 
Syzigies, and backwards when in the Quadra- 
tures j but it goes farther forwards than back- 
wards every Time, fo that at length it revolves 
quite round, as obferved above. 

VI. The Excentricity of the Moon's Orbit 
is greater and lefs in every Revolution of the 
Moon ; it is greateft when the Moon is in the 
Syzigies, and leaft when it is in the Qua- 
dratures : and confequently while it paSfes 
from the Quadratures to the Syzigies, it 
is encreafing $ and while it pafles from the 
Syzigies to the Quadratures it is diminifhing. 
And if we compare feveral Revolutions of the 
Moon together, its Orbit is the moft Excen- 
trical when the Situation of it is fuch, that 
the Linea AQfidum is in the Syzigies, and leaft 

when 
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when in the Quadratures. So that when both 
the Moon and the Linea Apfidum of its Or- 
bit are in the Syzigies, its Excentricity (hall 
be half as great again, as when they both hap- 
pen to be in the Quadratures. 

VII. The Line of the Nodes does not move 
uniformly backwards, that is, cqntrary to the 
Order of the Signs; but when it is in the 
Syzigies it ftands ftill, and moves the fafteft 
of all when in the Quadratures. 

VIII. The Inclination of the Lunar Orbit 
to the Ecliptic (c) is alfo liable to Change ; it 
is greateft when the Nodes are in the Syzigies^ 
and leaft when they are in the Quadratures. 

All thefe Irregularities are greater when the 
Earth is in its Perihelion, than when it is in its 
Aphelion ; and alfo greater when the Moon 
is in Conjunction with the Sun than in Op- 
pofition. 

IX. There is another Particular in the 
Moon's Motion, which is by fome reckoned 
among its Irregularities; which is, that it 
pioves falter in its Perigeon, than in its Apo- 
geon ; but this is not owing to any Perturba- 
tion in its Motion arifihg from the Influence 

of 



(e) Some Aftronomers meafure the Inclination of the Moon** 
Orbit to the Ecliptic, not from the Ecliptic, but from a 
Perpendicular to that, and fo call its Inclination 8r Degrees 
inftead of 5. And fo of the Inclination of the Equator to 
the Ecliptic 3 reckoning that 66 Degrees and an Kali, and 
not 23 and an half, as is the naoft ufual Way. 
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of the Sun ; but is common to aU the Pla- 
nets, and is occafion'd only by its defcribing 
equal Areas in equal limes in an elliptical 
Orbit, as the other Planets do. 

All thefe Irregularities observable in the 
^dotion of the Moon, naturally flow from the 
Suppofition, that the Earth and the, Moon 
are retained in their Orbits by Gravity, in 
the Manner laid down and explained in the 
Introduction to this Part, as will appear wlien 
we have confidered the Phyfical Caufes of the 
Motion of the heavenly Bodies. 

The only uniform Motion the Moon 
lias, is its Rotation about its Axis, which it 
performs the fame Way, and in the fame 
Time, that it does its Revolution about the 
Earth. The Confequence of this would be, 
that if its Revolution in its Orbit were per- 
formed with an uniform Celerity, and that 
Orbit were a Circle haying the Earth in its 
Center, and alfo if the Axis of the Moon 
were perpendicular to the Plane of that Or- 
bit, the Moon would in all Pofkions turn ex- 
actly the fame Side towards the Earth. This 
is fo obvious as to need no Uluftration. But 
fince its Motion in its Orbit is not uniform, 
nor its Orbit a Circle, neither its Axis per- 
pendicular to the Plane thereof, the Mooa 
does not keep the fame Face exa&ly towards 
us, but turns it a little, firft one Way, then 

another j appearing thereby fubjedt to a two* 

....... v fold 
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fold Ubration y viz. from Eaft to Weft, and 
from North to South, To the one of which 
the two firft Caufes abovementioned concur; 
the other is owing to the third. And firft 
to illuftrate that Libration which is from 
Eaft to Weft. Let the Elliotical Orbit BBB 
(Fig. 15.) reprefent that of the Moon, let E 
be the Place of the Earth, and let the Circle 
ABCD reprefent the Moon in its Apogeon 
at A; and for the prefent, let us fuppofe 
the Axis of the Moon perpendicular to its 
Orbit. Then becaufe its Motion about its. 
Axis is uniform, and its Motion from ite 
Apogeon the floweft df all 5 it is evident, that 
at the Time when it has revolved a quarter 
of the Wa^ round its Axis and obtained, 
fuppofe the Situation FBCD, it will not have 
advanced a quarter part of the Way through 
its Orbit ; and therefore the Face BCD, which 
was turned towards the Earth at firft, cannot 
now be turned to I the Center of the EUipfe, 
much lefs to E the Place of the Earth, but 
to fome other Place, as K, on the other Side 
the Center : But when it has advanced to G, 
the fame Face BCD will be turned towards E, 
that was when the Moon was at A ; becaufe as 
it has advanced half through its Orbit, it has 
advanced half round its own Axis. Again, 
as it moves quicker in that Part of its 
Orbit, that's near its Apogeon, it will have 
proceeded above a quarter part of the Way 

througn 



r J 



$2 Of the Phenomena Part IV. 

through its Orbit, and fo will have got into 
the Situation HBCD fuppofe, when it has 
turned a quarter round its Axis ; and that 
Part of the Moon which was vifible when 
the Moon was at A, will be turned towards 
K, as it was when the Moon was at F. 
And it is obfervable from the Figure, that 
the Face BCD, which was turned diredtly 
towards the Earth at E, when the Moon 
was either at A or G, is, when the Moon is 
at F> turned to the Right, or towards the 
Weft, with refpeft to a Spectator viewing 
it from E ; but to the Left, or towards the 
Eaft, when the Moon is at H. And this is 
die firft kind of Libration which was to be 
explained. As to that which is from North 
to South, it mav be thus illuftrated. Let HI 
(Fig. 16.) reprefent the Plane of the Moon's 
Orbit, being fiippofed to be feen edgeways; 
let E be the Place of the Earth, and let the 
Circle AMBm reprefent the Moon, the Line 
AB being its Axis, and Mm one of the 
Parallels of its Equator 5 and when the Moon 
is at H, let the Point M be that which is 
turned diredtly towards the Earth. Now when 
the Moon has revolved half round its Axis, 
which will be when it has got to I the op- 
pofite Point of its Orbit, the Point M will 
be found at m ; but becaufe of the Paral- 
lelifm of its Axis, not this, but fome other 
Point, as N, is that which is turned directly 

towards 
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towards the Earth at E 5 fo that to a Spe&ator 
at E, the vifible Part of the Moon libra tea 
from North to South, and returns to its place 
once in each Revolution, one of the Poles 
as A being only vifible, when the Moon is in - 
one Part of its Orbit, fuppofe at I, and the 
Pole B only when it is at H ; becaufe the 
Circle represented by the pricked Line C D 
terminates the View of a Spectator at E, in 
either Situation of the Moon (a.) 

As to the Surface of the Moon, whoever 
views it with a good Telefcope, will perceive 
ifome Parts of it (hining very bright, while 
others are as dark and obfcute. The bright* 

M er 



. {a J It may be worth corrfidering here, what kind of Mo* 
Skm the Eerth feems to have to the Inhabitants of the Moon, 
if any fuch there be. And firft, we will fuppofe that the 
Herhifphere, the Moon turns towards us, is always exa&ly the 
fame, in this Cafe it is evident, that to fuch as live in the 
Middle of that Hemifphere, the Earth muft always feem to 
be dire&Iy over their Heads ; becaufe a Line drawn from 
the Center of the Moon through the Place where they are, would 
pais through the Earth: and to fuch as live at the Extremity 
of that Hemifphere, the Earth muft always appear in their 
Horizon. But fince' the Moon, as feen from the Earth, has 
thefe libratory Motions abovemention'd, it is impoffibk that 
.the Earth mould ajways appear diredUy Vertical to the one, 
or in the Horizon of the other ; but muft feem always nearly 
at the fame Degree of Elevation ; continually (hifting its Si- 
tuation from Haft towards the Weft, and from Weft towards 
the EafL and At the fame time from North towards the South, 
and froa^oujB towards the North, according as the Libra- 
tion of flR flpon, as feen from the Earth, is made in that 
Time. 
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er Parts are thought by fome to be Land, 
the other Water ; becaufe lefs Light is re- 
fledted from Water than from Land. But 
Ktil is of Opinion, that fome of thofe darker 
Places may be occafioned by the Shadows of 
higher Places falling upon them, and others 
may confift of a Soil of a darker Colour, 
that refleds lefs Light than the rcH(b). How- 
ever this be, it is moft certain, that there 
are Mountains in the Moon, and thofe very 
high ones. For when the Moon is viewed 
through a Telefcope, the Line which Sepa- 
rates the illuminated Hemisphere from the 
dark . one does not appear ftrait when the 
Moon is halved, or uniformly bent when it 
is homed or gibbous, as when we view it 
with the naked Eye; but feems jagged, 
broken, and uneven ; which evidently fhews 
that its Surface is fo too : For if its Surface 
were fmooth and even, no Reafon could be gi- 
ven why the Light of the Sun fhould not 
reach as far in one Place as another. But 
the Boundary of Light and Darknefs in the 
Moon is not only thus jagged and uneven, but 
fome Parts even within the darkened Hemi- 
fphere, that lie near the Edge of it, are en- 
lighten'd by the Rays of the Sun long before 
fuch as lie nearer the illuminated Hemifpherc, 
and continue fo till after the Parts ^bout them 

% #> are 

(b) See his Aftronomy, Left. X. 
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are in the Dark. Thefe therefore can be no 
other than the Tops of high Mountains, on 
which the Sun fhines as it does on thofe on 
Earth, both before and after it is vifible in 
the Vallies below. The perpendicular Height 
of a very remarkable Mountain in the Moon, 
called St. Katharine (c) y has been found by 
Menfuration to be nine Miles, which is three 
Times that of the higheft Mountain we have 
upon the Earth f</J. 



(c)Sct the Names Aftronpmers have diftinguifhed the Parts 
of the Moon by, in a Figure annexed to the Le&ure referred to 
in the foregoing Note. 

(d) The Method of Measuring the Height of a Mountain in 
the Moon is this : Let ABDE (Fig. 1 7.) reprefent the Moon, C its 
Center, S A a Ray of Light from the Sun, ABD the illuminated 
Hemifphere, AED the dark one, ;F the Top of a Mountain be- 
ginning to be illuminated. Then with a Telefcope in which 
there is a Micrometer fixed, let the proportionable Lengths of 
the lines FA and AD be taken. Then becaufe the real 
Length of the latter, which is the Diameter of the Moon 
is known, the true Length of the former will alfo be had. 
Since then the Line SAP is a Tangent to the Moon, the 
Triangle FAC will be a right-angled one, and F C wilT be 
its Hypothennfe, whofe Square being equal to the Squares of 
the other two Sides, it may from thence be alfo known. 
Now if from this we fubftraft the Semidiameter of the Moon, 
the Remainder is the perpendicular Height of the Mountain*. 
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• - 

CHAP/IX. . 

0/ the Eclipfes of the $un 
and the Moon. 

r 

AN Eclipfe is a Deficiency of Light in 
fome of the heavenly Bodies, occasi- 
oned by the Interpofition or fome other be- 
tween that and the Sun. Thus when the Mogn 
pafles through the Shadow of the Earth, it 
being by that means deprived of the Sun's 
Light, lofes its Brightnefe, and is then &id to 
fuffer an Eclipfe. So when the Moon is iu~ 
terpofed between the Sun and the Earth, the 
Sun being in Appearance deprived of ijs Light, 

is faid to be eclipfed ; though it is the Earth 
which is properly fo, that, and not the Sun, 
being the Body where the Light is wanting. 
One primary Planet is .never eclipfed' by 
the Interpofitipn of another ; becaufe they 
are fo fmall with refpeft to the Magnitude 
of die Sun, that the Shadow of any one of 
them ends in a Point before it reaches the 
Body of another. Thus when the Earth is 
interpofed between Mars and the Sun, its 
Shadow vanifhes before it reaches toMars. And 
even when the Moon is interpofed between 
the Sun and the Earth, if the Earth be in 
its Perihelion, and the Moon in ixsApogeon 

at 






1 fr 
4 



Chap. 9. Sun and the Moon. Sf 

at that Time, the Shadow of the Moon will 
not reach the Earth, and fo the Moon will 
not fecm to cover the whole Body of the Sun, 
but appear as a large dark Spot, furrounded with 
a Circle of Light proceeding from the Limb 
or Edge of the Sun. 

From what has been obferved it appears, 
that there can be no Eclipfe of the Moon, 
but when the Earth is interpofed between it 
and the Sun, that is, at the Time of its Oppo- 
iitior), or when it is Full; nor any of the 
Sun, except when the Moon is between the 
Earth and the Sun, that is, at the Time of 
its Conjunction with the Sun, or when it is 
New. And the Reafon why thefc Eclipfcs de 
not happen at every New and Full Moon, 
is, becaufe, as was obferved above, the Plane 
of the Moon's Orbit is inclined to that of 
the Earth's, fb that the Moon is femetimcs 
above the Ecliptic, and fometimes below it, 
at the Time of its Conjunction with, or Op- 
pofition to the Sun, in which cafe the Sha* 
dow of the one pafles above or below the 
pther (a). 

The, 

(0) h is not requifite to conftitute an Oppofition or Con* 
jnn&xon of a Planet with the Sun, that it be in a right Line; 
chat paiTes through the Son and the Earth ; it may be in 
any Degree of latitude it is capable of, *nd is neverthelefi 
faid by Aftronomers to be in Conjun&ion or Oppofition with, 
the San, provided it he in the lame Part of the Zodiac, 
that is* if it have the fame Degree of Longitude therewith^ 
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The only Time therefore in which Eclip- 
fes either of the Sun or Moon can happen, 
muft be when the Nodes are in or near the 
Syzigies, that is, when the Line of the Nodes 
points towards the Sum Now if the Line of the 
Nodes always pointed towards the lame Points 
of the Heavens, or remained parallel to itfelf, 
then the Sun appearing by means of the Earth's 
Motion to run through the Ecliptic once a 
Year, it is obvious that one Extremity of this 
Line would point towards the Sun each half 
Year : but fince this Line has a flow Motion 
contrary to that of the Sun, by which it re- 
volves round in nineteen Year^as dbferved above, 
it meets the Sun with one or the other Ex- 
tremity before it has got quite half round, 
and fo points towards it twice in fomewhat 
lefs than half a Year : So that it fometimes hap- 
pens that it points towards the Sun three times 
within the Space of a Year, which is as oft 
as poflible. And it frequently happens, that 
the Sun being in its Approach towards one 
of the Nodes at the Time of the New or 
Full Moon, and near enough to occafion an 
Eclipfe then, the Moon fhall get about to the 
other Node, before the Sun be too far re- 
moved from the former, and fo there will be 
another Eclipfe then. Upon which account 
it is poflible there may be two Eclipfes, while 
the Sun is paffing by either Extremity of the 
Line of the Nodes j the one of which (if it 

be 
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be at the New Moon) will be an Eclipfe of 
the Sun, and the other will happen at the 
next Full Moon, and will therefore be an 
Eclipfe of the Moon ; or if the firft be at the 
Full, the other will be at the New. But if the 
Moon be within a Day or two of paffing thro* 
one of its Nodes at the Time of its Con- 
junction, it will oafs by the other without 
fufiering an Ecliple there. 

When it happens that the Moon is in one of 
its Nodes at the Time of its Opposition to the 
Sun, then is it laid to be centrally eclipfed, 
its Center being then in a right Line with 
thofe of the Sun and Earth. In this Cafe it 
is alfo totally eclipfed, every part of it be- 
ing hid from the Sun's Rays. But the Sha- 
dow where the Moon pafles through, is about 
three times as broad as the Face of the Moon, 
fo that it may fufFer a total Eclipfe, though % 
it be at fome Diftance from the Node at 
the Time of its Opppofition ; an Eclipfe 
therefore may be total, when it is not a 
central One ; but an Eclipfe of this Kind 
will be* of fhorter Duration than the former. 
Farther, if it be fo far removed from the Node 
that a Part of its Di(k only falls into the Sha- 
dow of the Earth, it is faid to be a par- 
tial Eclipfe, and is of fhorter Duration than 
the former. If the Moon be above 1 3 De- 
grees from the Node, there is no Eclipfe. 

The 
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The Duration of a central Eclipfe of the 
Moon, is about 4 Hours ; the firft of which 
is taken up in eritring the shadow, tifaj 
more it continues quite immerfed therein, 
and the fourth is fpent in getting out. 

What is. here faid, may be illuftr&ted in 
the following Manner. Let AB (Fig. 18.) 
reprefent a fmall Portion of the Plane of tfto 
Earth's Orbit feen edgeways, CD a part of the 
Moon's Orbit, and let the Point where thefe 
Lines crofs each other be one of the Nodes, 
knd E,E,&c. the Shadow of the Earth paf- 
fing along the Ecliptic. If the Moon tails 
into the Shadow at N, it is both a total and 
central Eclipfe; if at O, it is total, but 
not central; if at P, the Eclipfe is only 
partial. And if the Moon is at Q^at the 
Time of its Oppofition, it then paffes by 
the Shadow without being eclipfed at all (b). 

As all opake Bodies when illuminated by 
the Rays of the Sun call a Shadow from them, 
fo they have alfo a Penumbra, which is an 
imperfect kind of a Shadow every where fur- 
rounding the former, and growing larger and 

larger, 

(b) We hive hitherto fuppofed that the Shadow ef the 
Earth reaches the Moon, as it woold do, were it not lor 
the Atmofphere of the Earth, which by refracting the Sun*s 
Rays as they pafs through it towards the Earth, throws them 
into its Shadow ; which refracted Rays falling qpon the Moon 
render it vifible to us, altho' placed within the Limits of 
the Shadow, and is the Occafion of that reddifh Colour, with 
which the Moon appears at that Time, 
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larger, as we recede from the Body. As the 
other is owing to a total Interception of the 
Rays of Light, this is occafioned by a partial 
one. The 1 9th Figure will explain this bet- 
ter. 

Let ABCL reprefent the Body of the Sun, KI 
the Earth,and MN the Moon; and let the Lines 
AM, BM> &c. be drawn as in the Figure ; then 
will the Space MNFG, within which none 
of the Rays can come, be the Shadow there- 
of. But it is evident that befides this there 
are other Spaces, viz. MDE and MEF, &c. 
within which but Part of the Sun's Rays can 
come ; and the nearer thofe Spaces are to the 
Shadow, the lefs Light they are capable of 
receiving. The Light which falls within thefe 
Spaces is called the Penumbra. 

This being premifed, we may proceed to 
confider the different Kinds of Solar Eclipfes. 

The Moon being fmaller than the Earth, 
and having a conical Shadow, as being 
alfolefs than the Sun, a very fmall Part of 
the Surface of the Earth can be covered by 
the Shadow of the Moon at the fame Time, 
though, as obferved above, the whole Body of 
the Moon may be involved in that of the 
Earth; fo that an Eclipfe of the Sun. is vifible 
but to a few Inhabitants of the Earth, where- 
as one of the Moon may be feen by all that 
live on that Hemifphere of the Earth that is 
turned towards it. 

N In 
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In order to conftitute a central Eclipfe of 
the Sun r it is not neceflary that the Moon 
fhould be exa&ly in the Line of the Nodes 
at the Time of its Conjun&ion ; for it is Ef- 
ficient to denominate an Eclipfe of tl^Sh 
central, that the Center of the Mc$Kt>e 
dire&ly betwixt the Center of th^^>a^ 
the Eye of the Spe&ator : for to hflb the Sun 
is then centrally eclipfed. But fince the Sha- 
dow of the Moon can cover but a fmall Por- 
tion of the Earth, it is obvious this may hap- 
pen when the Moon is not in one of her 
Nodes. And not only this, but the Sun may 
be eclipfed centrally \ totally, partially \ land not 
at all % at the fame time. For inftance, when 
the Moon is interpofed between the Sun and 
the Earth, to thofe who live where the Cen- 
ter of the Shadow pafles (as in the Middle 
between F and G in the laft Figure) 
the Sun will be centrally eclipfed; to thofe 
who live within the Shadow, but not in the 
Center (fuppofe nearer to F than G) totally^ 
to thofe who live in the Penumbra, as between 
F and D, or G and l % partially, and that more 
or lefe as they live nearer or farther from 
the Shadow; to thofe who live without the 
Penumbra, as between D and K, not at 
all 

But as the Shadow pafles along the Sur- 
face of die Earth, different Inhabitants, and 

thofe 
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thofe very diftant ones, will fee the fame kind 
and degree of Eclipfe, though not at the, feme 
Hourf</;. 

(d) For the Method of predicting Eclipfe*, fee Ktifo Aftro- 
Domy, Lea. XlV.Or Wbiftmft Aftronomical Lecture*, Left.XH. 



CHAP. X. 

Of the Phenomena of the Satellite? 
of Jupiter and Saturn, their Eclip»- 
fes and Occultations .* And alfo of 
Saturn'; Ring. 

THE Satellites of Jupiter and Saturn 
are fubjed to the fame Kind of Mor 
tion with the Moon, except that their Or- 
bits, as far 9s can be collected from the Ob- 
fcrvations of Aftronomers, are circular, or ver 
ry nearly fpj and therefore, if we fuppofe 
them to be feen from their Primary ones, 
they will exhibit pearly the fame Pbanotnena, 
All the Satellites of Saturn revolve about: 
it in almoft the fame Plane, vi& that of 
its Ring; exciting the fifth, the PUne of 
whofe Orbit deviates a little therefrom. XhoiQ 
of Jupiter move alfo in a Plan? that is pro- 
per to themfplves, and nearly soinciejent with 

N a that 
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that in which Jupiter itfelf moves about the 
Sun. 

Thefe Planets, viz. the Secondaries both 
of Jupiter and Saturn^ when viewed from 
the Earth, appear to have their Piogreflions, 
their Stations, and Retrogradations different 
from thofe of their Primaries ; that is, 
when a Primary is progreffive, its Secondary 
may be regreflive, or otherwife ; and vice 
verfa. For inftahce, when a Secondary is be- 
yond its Primary, that is, in its fuperior Con- 
junction- with refpedt to the Earth, it feems 
to move according to the Order of the Signs; 
but when it is in its inferior one, it feems 
to move the contrary Way; and when its 
progreffive Motion is changing into a regreflive 
one, the Planet appears ftationary. 

To illuftrate this ; let S (Fig. 20.) repre- 
fent the Sun, I the Planet Jupiter or &z- 
turn, BCG the Orbit of one of its Satellites, 
and let EPF be the Orbit of the Earth. While 
the Satellite paffes through OHB, the fupe- 
rior Part of its Orbit, it will appear from the 
Earth to move the fame Way with its Pri- 
mary; but while it moves through the re- 
maining Portion BLO, it will feem to go 
.the contrary Way ; as is evident if we con- 
fider that its Motion in its Orbit is quicker 
than that of its Primary. 

Thefe Satellites and their Primary ones mu- 
tually . eclipfe each other in the fame man- 

ner 
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ner in which it has been fhewn that the 
Earth and the Moon do. But there are three 
different Cafes in which the Secondaries dis- 
appear to us. The One is, when a Seconda- 
ry is dire&ly behind the Body of its Primary 
with refpeft to the Earth ; this is called aa 
Occult at ion of the Planet : Another is, when 
it is diredtly behind its Primary with refpeft 
to the Sun, and fo falls into dts Shadow, and 
fuffers an Eclipfe, as the Mbon, when the 
Earth is interpofed between that and the Sun. 
The laft is, when it is interpofed between 
the Earth and its Primary •, for then it can- 
be diftinguifhed from the Primary itfelf. All 
which may be illuftrated in the following 
Manner. 

While the Planet defcribes OHB. the fupe- 
rior Part of its Orbit, it is capable of difap- 
pearing twice j . once when its Primary is in- 
terpofed between it and the Earthy as when 
it is at G or K, or feme intermediate Point;, 
according as the Earth is fituated at that 
Time ; and alfo at H, where it is involved 
in the Shadow of its Primary. When the 
"Earth is between F and Q, or F and P, 
that is, when the Sun is to the Eaftward of 
'Jupiter, the Eclipfe of the Secondary happens 
firfl, viz. when it paffes through the Shadow 
at H$ and the Occupation afterwards, when 
the Planet lies hid at K. When the Earth 
is between E and Q, or E and P, the Occul- 
. . tation 
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tation isfirft, and the Edipfe afterwards. While 
it pafle6 through the inferior Part of its Or- 
bk, it disappears alfo, according to the Situa- 
tion of die Earth, either at D or Q or when 
it is between thole Points, being dircflly be- 
tween the Earth and its Primary, and there- 
fore not diftinguifhable from the latter. When 
the Satellite is at L in Conjunction with the 
Sun, its Shadow falls upon its Primary, and 
eclipfes a Part of its Difk, in like manner 
as the Moon, in the like Situation with re- 
fpeft to the Earth, eclipfes a Part of that (a). 

As 



(*) From the Ocndtauons and Edipfes of the SateMitesof 
Jupiter, three notable Problems are determined : nrix* 1. The 
Parallax of the Orbit of the Earth in that 'Planet, and there- 
by (as we obferved Chap. VII. in the Notes) its Diftancefrom 
the Sun. 2. The fbecefiive Propagation of Light ; and 3. The 
Longitude of Places upon the Earth. 

1 . The Method of finding the Parallax of the Orbit of the 
Earth, is this : htt the Interval of Time which lapfes between 
the Middle of an Occultation of one of the Secondaries, fup- 
pofe at G» and the Middle of its Edipfe afterwards at H, 
which is the Time the Planet defcribes the Arch GH in, Jbe ob- 
served. The Time then of its whole Revolution being known, 
that Arch itfelf may be had, which is the Measure of the 
Angle GIH, or its equal EIS, which is the ParaUaxof the 
Orbit of the Earth in that Planet. 

2. Jf Light were iaftautaneous, a Spectator at P weuld 
fee an Eclipfe of one of the Secondaries of Jufittr, at the 
fame Time that he would do if on the contrary fide the Sun 
at Qi, But it appears from Obienratkms, that when the Earth 
is at Q, thofe Eclipfes happen iboner, and that when it is at 
|* they happen later than they ought to do by Computation. 
Which fliews that Light takes up fome time in paffing from 
Q^to P. From Obfervations of this kmd k bae been conn 
puted by Rmer, that Light is eleven Minutes in paffing from 

the 



I 
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As to th* Pbammena c£ Saturn's Ring, it 
is obfervable, 1. That its Inclination to the 
Plane of the Ecliptic is about 11 Degrees: 
2. That the Thicknefs of it is inlenfiblc ; and 

therefore 

the Sun to us ; which is upwards of Si Millions of Miles : 
But it has fines been found by the more accurate Obferva- 
tktos of others, that it paffes over that 'Space in about 7 
Minutes. 

3 . The Longitude of a Place is its Diftance Eaft or Weft 
•f fome other Place ; and as Places lie more or lefs Eaft or 
Weft one of another, the Hour of the Day in one is more 
or left different from the Hour of the Day in the other. 
That is, as Places' differ in point of Longitude, fo they do 
proportkroably in their Account of Time. For! inftance, if 
a Place lies fifteen Degrees to the Eaftward of another, k 
is one Hour paft Mid-day there, when it is but Mid-day at 
the other: The Reafon is, becaufe the Sun is an Hour in 
pairing over each fifteen Degrees of its daily Courfe. In like , 
Manner, if a Place lies fo many Degrees to the Weftward 
of another, the Sun comes an Hour Jater to that Place than 
to the other 5 fo that it is but Eleven of the Clock there, when 
it is Twelve at the other. And fo proportionably for any 0- 
ther Diftance. If therefore at two Places it be obferved at 
what Hour the beginning of suPEclipfe of one of Jupiter* b 
Satellites happens at each of them, and if that Hour be not 
the fame in both, the Difference will (hew how far thofe 
Places lie Eaft or Weft of one another. Or if inftead 
of the Obfervation at one of the Places, an Almanack 
be made afe of, that (hews the Time when the Eclipfe wiB 
happen at that Place, and that Time be compared with the 
Time of its happening obferved at the other Place, the Dif- 
ferences between thofe Times, rf there be any, will Jhcw the 



This Method very rarely fucceeds at Sea, becaufe the Tpf- 
fing of the Ship is inconfiftent with the Accuracy required 
in Observations of this kind. 

The tike may be done by ohferving the Time when an 
Eclipfc of the Moon happens, or when it comes to a fixed 
'Star : Bet tbefe art tbaimuna that are much lefs frequent 
the other. 
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therefore when it is fo fituated, that the Plane 
of it, if produced,, would pafs through the 
Earth, it becomes invifible. Neither is it 
to be fecn when the Plane of it pafles be- 
tween the Sun and the Earth ; for then the 
Sun (hines upon that Side of it which is turn- 
ed from us ; in which cafe, the dark Side 
being next the Earth, it is not perceptible to 
us. But in this cafe a black Lift or Circle 
appears to encompafs the Planet, which in all 
Probability is no other than the Shadow 
of the Ring thereon. The Extremities of the 
Ring which appear on either Side the Planet; 
are by fome called its Anfa. 



CHAP. XL 

Of the Comets. 

m 

THE Comets are opake, fpherical, and fo- 
lid Bodies like the Planets ; and like 
them perform their Revolutions about the 
Sun in elliptical Orbits, vfrhich have the Sun 
in one of their Foci . The Particulars in which 
they differ from the Planets, are,that they move 
in various Directions, fome the fame Way 
with the Planets, others the contrary ; neither 
are their Motions confined within the Zo- 
diac, their Qrbits admitting of any Indina- 

Jioii 
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don to the Ecliptic whatever : And the Ex- 
centricity of their Orbits is fo very great, that 
fome of the Comets perform the greateft 
Part of their Motion almoft in right Lines, 
tending in their Approach to the Sun almoft 
dire&ly towards it, after which they pafs by 
it ; and when they leave it, march off again 
nearly in a right Line, till they are out of 
fight, as if they were haftening back to the 
fixed Stars ; and return not till after a Period 
of many Years (a). 

As theComets approach the Sun,their Motion 
grows proportionably fwifter, for they defcribc 
equal Areas in equal Times about its Center, 
#s the Planets do. Hence it is, that when 
they are in their Perihelia, that is, at their 
leaft Diftance from the Sun, their Motion is 
immenfely fwifter than when they are in their 
Aphelia^ or greateft Diftance from it. This is 
the Caufe that they are vifible to us for fo 
fhort a time; and when they difappear, are 
fo long before they come near enough to be 
feen again (b)+ 

O The 

(a) See a Portion of the Orbit of a Comet defcribed, Plate & 
fig. r. at abed. 

{J) From the Obfervations of Aftronomers, it feems ^probable* 

that the Comet which appeared in the Year 1 682 was the fame 

which was feen before in the Year 1607, and the Year 15^1, 

and therefore may be expe&ed again in the Year 1 758, after 

a Period of about 1 5 1 Years. And that the great Comet 

which appeared in the Year 1680 was the fame that was feen 

in the Time of K. H$nry L in the Year 1106, and in 531, an4 

in 
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The Ancients yrere divided in their Opinions 
concerning them, fome confidering them a§ 
wandring Stars, others as Meteors kindled irj. 
the Atmofpherc of the Earth, fubfifting for a 
Time, and then diifipated : othprs looked upon 
them as ominous Prodigies. But it is put 
Ibeyond all doubt fry the ipore apcurate Obser- 
vations pf the Jate Aftronomers, that they arc; 
a kind of Planets. That they are not Meteors 
is obrious, for if they were, they could not 
bear that vaft Heat, which fome of them in 
their Perihelia receive from the Sun. The 
great Comet which appeared in the Year 1680 
was within a fixth Part of the Sun's Diameter 
from its Surface, and therefore muft acquire 
a Degree of Heat intenfe beyond all Imagi- 
nation (c). 

M 

in the forty fourth Year before Chrift, in which Julius Ca/ar 
was murthered. If fo, then the Period of this Comet is 
about 575 Years. There are between to and 30 that have 
appeared -fince the Year 1337, but no two Appearances feem 
to belong to the fame Comet, except thofe aboveraentioned. 
See Dr. HalU/s Synopfis of the Aftronomy of Comets, publifhed 
at the End of Gregory's Aftronomy, in which there is a Table 
expreffing the Motions of all the Comets that have been Hi- 
therto duly obferved. The Comet of 16S0 was in one Part 
of its Orbit within half the Sun's Breadth of the Way of 
the Earth. 7 

(c) One Method by which Aftronomers inveftigate the ap- 
parent Courfe of a Comet, is this : They obferve what two 
Stars are direftly one on one fide of the Comet,and the other on 
the other; which is done by holding up a Thread between theEye 
9 nd the two Stars, and extending it in fuch manner, as that it mall 
feenx to crofc each Star : then they look out two other Stars in 

fuch 
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As to thofe Phanomena of them which a-* 
rife from the Motion of the Earth; they 
agree in a great Meafure with thofe of the 
Planets. For inftance, thofe Comets which 
move according to the Order of the Tigris., a 
little before "th«y di&ppear^ become more than 
ordinarily JIow or retrograde, if" the Earth at 
that time be between them and the Sun ? but 
more than ordinary fwift; if the Earth be oft 
the oppofite Side : and the reverfe of this 
happens to thofe which rtiove contrary to the 
Order of the Signs. This is occafioned by 
the Motion of the Earthy as was obferv-* 
ed of the fuperior Planets : . Fpr when the 
Earth goes the fame Way with a Comet, 
bat with a fwifter Motion, the Comet feems 
retrograde y when with a flower Motion, tha 
Comet's apparent Motion becomes flower; and 
when the Earth moves the contrary way, it 
becomes fwifter. 

Few of the Comet9 are to be feen in theii 1 
Accefs to the Sun, but in their Recefs ap- 
pear with long fiery Tails, pointing direftly, 
or nearly fo, towards that Part of the Hea-> 

O a vena 

fuch Situation aHb, that the Cooxft (hall appear in a Line 
that paffes from one to the other ; which are found as before t 
then they extend a Thread upon the celeftial Globe, from 
one of the two firft Stars to the other ; and another Thread 
from one of the two laft Stare to the other : and the Point on the 
Globe where the Threads crofs is the apparent Place of the 
Comet at the Time the Obfervation was made. This they dtf 
daily, and fo trace oat its apparent Courfe in the Heavens. 



v s 
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vcns which with rdpeft to the Comet is op- 
pofite to the Sufi. Some are vifible before 
they reach the Sun, and begin to put forth 
their Tails, which at firft are fhort and thin, 
jfeldom exceeding fifteen or twenty Degrees in 
Length, but grow longer and denfer as the 
Comet comes nearer the Sun. If the Comet 
pafles very near the Sun, it then fends forth fiery 
Beams of Light every Way* After this it puti 
forth a Tail forty, fifty or forty Degrees long,, 
which as the Comet recedes farther from the 
Sun, continually diminiflies both in Length 
and Splendor ; but is larger and longer at any 
Diftance in its Recefe from the Sun, than at 
an equal Diftance in its Accefs to it. 

Tins great Splendbr and Lengtb of the Tails > 
Sir lfaac Newton thinks arifes from the Heat 
which the Sun communicates to the Comet as* 
k pafles near it ; and accounts for it after the 
following Manner. As the A-fbent of the 
Smoak' in a Chimney is owing to the Im- 
pulfe of the Air,, with which it is entangled 
(for die Air about a Fire being rarefied by the 
Heat thereof, has* its fpecifick Gravity thereby 
rendered lefs than that of the more diftant 
Air : Upon this account it afcends, and car- 
ries along with it the Smoak with which it is* 
engaged) in like manner he thinks the Tail 
of a Comet may rife from the Atmofphertf 
thereof in to thofe Parts which are oppofite to the 
$un, being carried up by the iEther about the 

Cornet^ 
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€omet,rarefied to a very great degrees by die HeaC 
thereof. And thinks his Opinion greatly con- 
firmed by the Appearance of cheTails -, for when, 
accurately obfervec^ they are found not to rife 
always in a Dire&ion prccifely oppofite to the 
Sim, but to deviate or incline a little fronv 
thence towards thofe Parts' which the Comet 
has lately left ; and not only to, but to be. 
bent into a certain Curvature, the Extremi- 
ties of the Tails deviating from the true.Op- 
pofition more in proportion than the other 
Farts ; and to be more denfe feemingly, and 
better defined on the convex, than on 'the con- 
cave Side : And farther, that the longer 
the Tail is> the more feafible is the Cur- 
vature, as being the greateft at the grcateffe 
Diftance from the Body of the Comet. tJpon 
thefe Accounts he thinks it eviderit > that the 
Phenomena of the Tails of Comets depend 
en the Motion of their' Heads, and that the 
Heads furnifh the Matter which forms the 
Tails. For as in the Atmofphere of the 
Earth, the Smoak of a. Body afcends perpen- 
dicularly if the Body be at reft r and oblique-* 
ly if the Body be moved any otherways thai* 
diredtly upwards,, or downwards ; fo in the 
Heavens, where all the Bodies gravitate tpwards? 
the Sun, Smoak and Vapour muft afcend from; 
the Sun, and rife perpendicularly, if the fmoak- 
ibg Body be at reft; and obliquely, if the 
Motion of the Body be oblique t<? the Di- 

re&ioa 
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re&ion the Vapour afcends with. And becaufe 
the Force by which the Vapour afcends,* is- 
ftrongeft near the Body of the Comet, the Ob- 
liquity with which it afeendi will be the 
leaft hear the Body, and greater at greater 
Diftances, and consequently the Column will 
be incurvated or bent towards thofe Parts th6 
Comet leaves : And becaufe the Vapour m 
the preceding Side is fomething more re- 
cent, that is, has afcended fomething more 
lately, it will be fomething more denfe oi> 
tliat Side, and on that account muft reflect 
more Light, as well as be better defined * the 
Vapour on the other Side languifhing by de^ 
grees, and vanifhing out of fight (d). 

This is the Sentiment of Sir Ifaac Newton* 
but I muft beg Leave to differ from him in 
this Matter. For I think it fbmewhat im- 
probable on account of the great Rapidity 
with which Comets move, that the ifether 
diffufed throughout the heavenly Regions fhould 

gravitate 

" (d) Some have foppofed, that the Heads of Comets arc 1 
tranfparent, and that their Tails are no other than a Beam of 4 
the San tranfmitted through them : But were the Heads of 
Comets tranfparent, they themfelves would fcarce be vifible. 
Others, that they arife from the Refra&ion of the Rays of 1 
Light in their Way from the Comets to us : But if fo, their 
both the Planets and fixed Stars ought to have Tails alfo. Kepler 
afcribed the Afcent of the Tails to the Rays of the Sun car- 
tying the Particles of the Comet's Atmofphere away with them, 
tnat is, impelling them into the Regions oppofite to it. But 
we have no Inftance of any thing in Nature like this j 
this is therefore an Uyfothifis that cannot be fupported. 
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gravitate fufficiently towards the Sun (Speci- 
ally at Diftances equal perhaps to twice that 
of the Earth from it) to caufe the Vapours, 
or the Atmofphere of the Comets, to afcend 
into thofe Parts, towards which the Comets 
are tending. For when a Body afcends in a 
Fluid, as being fpecifieally lighter than it, its 
Motion at or near the beginning of it, is very 
finall 5 fo that if the Fluid have but a final! 
Degree of Motion the contrary Way, the Re- 
fiftance thereof will readily flop the Afcent 
of the Body, and will carry it tne fame Way 
it moves itfelf. This is the Reafon die Air, 
which caufes the Flame of a Candle to afcend, 
can fcareely blow downwards with fo fmall 
a Degree of Motion, or (which is all one) 
the Candle itfelf can fcareely be lifted up 
with fo gentle an Hand, but the Flame will 
turn downwards. How is it then likely, that 
when a Comet moves with an incredible Ve- 
locity (viz. at the Rate of above a thoufand 
Miles in a Minute, as fome of them dp at 
the Time when their Tails rife almoft direftly 
before them t) How is it then likely, I fay, 
tjiat the iEther ftiould by its Gravity alone 
raife the Vapour of the Comet with fuch Force, 
as to caufe it to overcome its Refiftance, when 
that Refiftance arifes from £o great a Rapidity 
of the Comet ? Would it not rather carry it 
with it the other Way ? And if we augment 
the Denfity of the /Ether, and therewith its 

Gravity, 
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Gravity, then the Refiftance of it will be the 
greater ; and fo the Cafe will be more de- 
fperate ftill. If we fuppofe it to be rarer, 
it will be lighter, and fo lefs able to buoy 
the Vapours of the Comet up. The Queftioa 
then is, how are thofe Tails to be accounted 
for ? My Conjecture is as follows : It is well 
known that when the Light of the Sun paffes 
through the Atpnofphere of any Body (as the 
Earth) that which paffes on one Side is by the 
Refraction thereof made to converge towards 
that which paffes on the pppofite one; and 
this Convergency is not wholly effe&ed, either 
at the Entrance of the Light into the At- 
mofphere, or at its going out ; but that 
beginning at its Entrance, it increases in 
every Point of its Progrefi. It is alfo a- 
gr^ed on all Hands, that the Atmofpheres of 
the Comets are very large find dcnfe. I fuppofe 
therefore, that by fuch time as the Light of 
die Sun has pafled through a considerable 
Part of the Atmofphere of a Comet, the 
Rays thereof are fo far refraded towards each 
other, that they now begin fenfibly to illumi- 
nate it (or rather the Vapours floating therein) 
and, fo render that Part which they have yet 
tp pafs through, vifible to us; and that this 
Portion of the Atmofphere of a Comet 
thus illuminated, appears to us in the Form 
qf a .Beam of the Sun's Light, and paffes un- 
der the Denomination .of a Comet's Tail. 

Thus, 
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Thus, when a Burnirig-Glafs is expofed to 
the Sub's Rays, if there be the leaft Smoajc 
or Duft hovering about the Glafs, the Rays 
of the Sun, as foon as they are brought near 
enough together by the refra&i ve Power of the 
Glafs, render fo much of the Smoak or Duft 
as they have yet topafs through, very diftin- 
guifhable from the reft. Indeed, by the accu- 
rate Refle&ion of the Glafs, the Light of 
the Sun is brought to a Focus, wherefore 
the illuminated Space ends in a Point ; 
but it happens not fo to Rays refradted by 
the Atmofohere of a Body j becaufe the Ex- 
tremities 01 an Atmofphere do not refra& near 
fo ftrongly as thofe Parts which are near- 
er the Body. Let us now fee how this Hy- 
pothefis will anfwer the Phenomena of the 
Tails. 

When a Comet has been in its Aphelion, 
by means of its long Abfence from the Sun, 
me Vapours with which its Atmofphere was 
full, are now condenfed and fallen down, the 
Atmofphere itfelf grown cold, fettled into its 
natural State, and reduced to a fmall Compafs j 
therefore as the Comet approaches the Sun, 
die Tail of it is invifible ro us, or at leaft 
appears very fhort : When it comes into the 
hotter Regions near the Sun, the Atmofphere 
begins to rarefy and dilate itfelf, and new Va- 
pours riling up into it, encreafe the Quantity 
of Matter therein, on which account the Tail 
\ *; P grows 
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grows longer. When die Comet is in its Peri- 
helion, if it be then very near the Sun, by means 
of the exceflive Heat thereof, not only the 
hinder Parts of its Atmofphere are ftrongly 
illuminated by refra&ed Light, but the other 
Parts of it by the direct Light of the Sui^ 
jfo that the whole Comet, Atmofphere and all, 
is as it were on Fire ; which caufes an infi- 
nite Number of Beams and Irradiations to be 
fent out from every Part ? in which State the 
Comet is faid to be Hairy. Afterwards when 
the Comet has got to feme Diftance from die 
Sun, and this great Illumination ccafes, and 
the Atmofphere is extended by Rarefa&ion to 
fi monftfous Size, and now more replete with 
Vapours than ever, which like the Steam of 
k boiling Cauldron have been continually rifing 
into it, the Rays of the Sun have a great Way 
io go within it, after they are fo far refraded 
towards each other, as to render the Atmo- 
fphere vifible. So that the Tail now appears 
at its greateft Length; but from this Time 
grows continually fhorter and fhorter (as the 
Atmofphere by the Comet's lofing its Heat 
contracts its Dimenfions, and the Vapour float* 
ing therein fubfides on to its Body) till the 
Comet is out of Sight. 

• But the greateft Difficulty is yet behind, 
and that is, to account for the Deviation of 
the Tail of the Comet from thofe Parts which 
are oppofitc to the. Sun, towards thofe wliich 

th« 
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the Comet has left. For it will moft certainly 
be thought, that, upon thi6 Hypothecs, the 
Axis of the refra&ed Rays, which is alfo the 
Axis of the Tail, ought to be in a right Line, 
that pafle* through both the Center of the Sun 
and of the Comet. Now if we confider tiifc 
exceeding great Rapidity with which a Comet 
moves, and that the Propagation of Light k 
not inftantaneous, thi6 Difficulty will alfo va~ 
ni(h. For fince Light is propagated in Time, 
that which pafles near the Body of a Comet 
will not, when it comes at the Extremity of 
its Atmofphere, enlighten a Portion of it that 
lies in a right Line drawn througjh the Center 
of the Sun and the Place of the Comet 
where it now is, but where it was at the 
Inftant when that Light pafled by it : And 
therefore the illuminated Point of the Extrc- 
mity of die Comet's Atmofphere, that is, the 
End of its Tail, will not be oppofite to the 
Gun, but always in a right Line, that pafles 
through the Center of the Sua and n Qoint 
of the Orbit behind the Comet, or which it 
has lately left ; as will readily appear to a* 
ny one that fhall duly attend to this mat- 
ter, And becaufe this is true of every other 
Portion of the Tail, in proportion to its Dis- 
tance from the Head, die whole Tail will 
decline from thofe Parts which are oppofite 
to the Sun, towards thofe which tile Comet 
has lately left, And thus is theabovemen- 

P 2 tioned 



1 10 Of the Comets* Part IV,! 

tioned Deviation to be acqounted for. But it 
muft not be concealed here, that that very 
fucceffive Propagation of Light, which occafions 
this Deviation, is capable of augmenting or 
diminifhing it in Appearance, or even of entire- 
ly taking it away, according to the Situation 
the Comet is viewed from. For, on account 
of the fucceffive Propagation of Light, all 
diftant Bodies that are in Motion appear not 
fo far advanced as they really are ; and the fafter 
they move, and the farther they are from us, 
the greater is the Difference between their real 
and apparent Place. Let us then fuppofe, that 
the Extremity of a Comet's Tail is farther from 
the Eye of a Speflator than the Body of the 
Comet, by a Space equal to the Semidia- 
xneter of the Earth's Orbit, then will Light 
be feven Minutes longer in coming from the 
Extremity of the Tail thin from the Head \ 
and therefore the Tail will appear to be far- 
ther behind its true Place than the Comet 
does> by a Space equal to that through which 
the Extremity of the Tail moves in feven 
Minutes ; and confequently the apparent De- 
viation in. this Cafe will confpire with the true 
one, and render it in appearance proportion- 
ably larger. Again^ when the : Extremity of 
the Tail is nearer the Earth than the Comet, 
then Light comes quicker from the former 
than from the latter, and therefore the Comet 
appears farther behind its true Place than the 

Extre- 
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Extremity of its Tail does, and fo the true 
Deviation appears the lefs, or not at all, ac- 
cording as the Cafe may happen. 

The apparent Deviation of a Comet's Tail 
depends alio on another Circumftance, viz. 
the Situation of the Spcdator with refpcft to 
the Plane of the Comet's Orbit; for when 
a Spe&ator is in the Plane of that Orbit, the 
Deviation becomes infenfible to him, as not 
being able to diftinguifh nicely the exadt Dis- 
tances of the feveral parts of the Tail from 
his Eye : the farther he is removed out of 
that Plane, the more fenfible it becomes. 

There is another Particular, viz. that the 
Extremities of the Comet's Tail deviates from 
the true Oppofition more in proportion than 
the other Parts, fo that they are bent into 
a certain Curvature: and farther, that they 
are more lucid and diftindt on the convex than 
oh the concave Side. All which may be ac- 
counted for, if we allow the heavenly Regi- 
ons the leaft imaginable Refiftance ; for in that 
Cafe, the Atmofphere of a Comet will be fome- 
what denfer on the Side towards which the 
Comet tends ; and therefore the Light which 
pafTes on that Side will fuffer a greater Degree 
of Refradtion throughout its whole Progrefs 
along the Atmofphere, that is, to the end of 
die Tail, than fuch as pafTes on the other : fo 
that, that Side of the Tail which moves firft, 
will be more lucid and better defined than 

die 
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the other : And becaufe this Refinance will 
make the greateft Alteration in die extreme 
Parts of the Comet's Atmofphere, the Ex- 
tremity of the Cornet's Tail will deviate from 
the true Opposition more in Proportion than 
thole Parts which we nearer the Body ; fo 
that the Tail (at leaft that fide of it which 
moves firft) will become convex. And if the 
Refra&ion of thole Ray 6 which pafs on that 
fide towards which the Comet tends, and on 
that account are moft refrafted, be fo great 
as to caufc them to croft thofe which pais 
on the other fide the Comet, before they get 
Out of its Atmofphere, their Refra&ion being 
irregular, they will croft the other difperfed- 
ly and in feveral Places, which, as is obvious to 
conceive, will neceflarily give that other fide 
of the Tail a concave Form, and render it 
imperfectly defined. 

Thus I have ventured to throw in a Con-* 
je&upe of my own ; bat propofe k rather as a 
Quere, than a Solution ? leaving it to be far- 
ther examined into by thofe who may have 
had better Opportunities of acquainting them* 
felves with Phenomena of this Kind. Vakat 
quantum valere poteft. 



CHAP. 



.(."3 ) 

* 

CHAP. xn. 

V 

Of the Parallax of the Heavenly 

Bodies. , 

THE Difference between the apparent 
Places of the Heavenly Bodies, when 
viewed from the Center of the Earth, and 
when feen from the Surface thereof, is called 
their Parallax. To explain this, 

Let AB (Fig. 21.) rcprefent a Portion of 
the Earth's Surface whofc Center is C, HV the 
Heavens, and let APN be the Horizon of a 
Spedtator at A, and P the Situation of a Planet 
therein. The Place of this Planet among the 
fix'd Stars, as feen from the Center of the 
Earth, will be M, which is called its true 
Place : But when view'd by a Spectator upon 
the Surface of the Earth at A, it appears in 
the Horizon at N, which is called its apparent 
Pkcc; and the Arch MN, which meafures 
the Diftance between the one and die other, 
is the Parallax of that Planet. If die Planet 
be above the Horizon, as at Q, its true Place 
as feen from the Center of the Earth is R, 
its apparent Place S, and its Parallax is RS, 
which is lefs than before. From whence we 
fee, the more the Planet is elevated above the 

Horizon, 
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Horizon, the lefs is its Parallax ; and when it 
is got diredtiy over the Place of the Spe&ator, 
it has no Parallax at all ; for when it is at 
T, its apparent Place in the Horizon is at V, 
whether it be feen from C or A. 

Farther, by how much the more remote a 
Planet is from the Earth, fo much the lefs is 
its Parallax, at the fame Heights from the 
Horizon. Thus if the Planet had been at 
the Diftance C D from the Center of the 
Earth, its Parallax, when in the Horizon at 
D, would have been N0* and when in the 
Line AQjproduced, as at E, its Parallax would 
have been meafured by the Arch SF, both 
.which are lefs than the former. 

The Angles MPN, ^nd RQS^ are called 
the parallaStic Angles, fuppofing the Planet 
at P or Q,, and are equal, the firft to the 
Arch MN, and the other to the Arch RS : 
They are alfo equal to the Angle APC, or 
AQC, which are thofe under which CA, 
Scmidiameter of the Earth that paffes through 
the Place of the Spectator, would appear if 
feen from the Planet. 

From hence it is obfervable, that the appa- 
rent Place of a Planet is always lower in die 
Heavens than its real one, except when the 
Planet is vertical, or at T. • 

As Aftronomet?, by means of the annual 
Parallax of a Planet, that is, the Parallax" of 

At' 



■ 
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the annual Orbit of the Earth, as explained 
above (a)> compute the Diftance of the Planet 
from the Sun, with refpedt to that of the Earth ' 
from thence 5 fo by means of this Parallax, 
they calculate the Diftance of the Planet from 
the Center of the Earth with refpedl to the 
Diftance of the Surface of the Earth from 
the fame (b). 

The Sun is alfo liable to this Kind of Pa- 
rallax. ; for it is evident that its Place among 
the fix'd Stars, when feen from the Surface 
of the Earth, may be different from that in 
which it . would appear if feeft from the 
Center of the Earth. Now could this Paral- . 
lix be determined with Accuracy, the exadt 

Q^ Diftance 

» 

(a) Sec Chap. VI. and Vtf. 

(b) The Parallactic Angle APC being known, and the Angle 
VAN, which is meafured by the Arch of the Heavens VN, 
being taken by Obfervation, which gives its Complement to 
two right ones PAC, from thefe two the third Angle PC A - 
of the Triangle APC is had. . And confequently by the Relation 
PC (the Diftance of the Planet) bears to CA, the Semidiameter 
of the Earth may be found. 

There are feveral Methods of finding the Parallactic Angle ; 
one of which is as follows : 

Firft, let it be' obferved when the Planet is between two 
fix'd Stars which are both in the fame vertical Circle ; and 
afterwards, when thefe two Stars appear fituated in a Line that 
is parallel to the Horizon, obferve how much the Planet ap- 
pears below them ; for the Planet being depreifed by the Pa- 
rallax, wifl at that time be lower than a Line drawn from one Star 
to the other ; becaufe the fix'd Stars, are at too great a . 
Diftance to fufFer any Parallax : The Arch of the Heavens 
intercepted between this Line and the apparent Place of the 
Planet is its Parallax ; allowance being made for the Motion of 
the Planet between the two Obfervatiohs. 
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Pittance of the Sun from the Eartfy might be 
known, and from thence, by the Method ex- 
plained above (c) % that of the other Planets 
from the Sun. But . the Sun's Diftance ffOEp 
the Earth is fo very great, and of coofe- 

?uence its Parallax is fo very fmall, that the 
)bfervations neccflary for taking of it cannot 
be made with fufficient Accuracy. Aftro- 
nomers therefore have recourfe to the Paral- 
laxes of Mars and Venus ; which if they could 
be found, that of the Sun would alio bp had : 
Becaufe the Horizontal Parallaxes of the Hea- 
venly Bodies, as we have juft been fhewing, are 
proportionally lefs as their Diftance is greater. 
Now when Mars is oppofite to the Sun, it is 
above twice as near to us, and its Parallax is a- 
bove twice as great as that of the Sun. And Ve- 
nus y when in its inferior Conjunction with the 
Sun, is almoft four times nearer than the Sun, . 
and therefore its Parallax is fo many timps greater. 
Aftronomers find, that the horizontal Parallax 
of Mars, when it is in Oppofition to the Sun, 
does not exceed 25 Seconds, and from thence 
conclude the Sun's to be about 10 Seconds. 
With which Parallax of io Seconds if a Calcu- 
lation be made, the Sun's Diftance will be 
found about 81 Millions of Miles from the 
Center of the Earth. 

However, Aftronomers need not be fcllici- 
tous about the Parallax of Mar s 3 fince pr. 

Hai- 
ti Sec Chap. VI, VII. 
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tttlky has kid down a Method in the Philtf- 
ibphical Traniadtions (d)> whereby the Paral- 
lax of the Sun may be had to fo great; a Nicety, 
that its true Diftance within a 50th Part of 
the Whole may be determined from it * wA 
-At the next Tranfit of Venus over the Sun's 
Difk* which will happen on the 2 6th of Mdj, 
in the Year 1761 $ when, at five Minutes be- 
fore Six in the Morning, Venus will appear ntft 
above four Minutes ota Degree South of the 
Middle of the Sun's Diflt. 

(4 Numb. 348. 

- ■ ; f i ' ' ! 

c U a i>. xiii. 

0f the Refra&ion ^ /& Atmofpher^ 
*W the Crepttfcuhom <sr Twitigfit. 

t * 

WE find by Experience, that wherr Light 
enters a trarifparent Medium obficfuely, 
eMher deafer or rater than that in which it 
was before, k does ftotpafe Arait on, but its 
Cotif fe fe fctorf zi tfie Print whert it eftterf, 
wfifeh benefit i* tiAYd its RefrdtfiM-, and if 
<her P&ecBmn ihtft whfeh it enter's be deftfer 
tham the other, the Light is then refracted to- 
wards a Perpendicular to the Surface drawn 
dtfoiigh the &>int wiiere k enters > but if* die 
Medium be ra*er, k is then refra&ed of bent 

Qjr th6 
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the contrary* way (a). It is from hence that 
a Staff, having one End under Water and the 
other above it, appears bent or broke at the 
Surface of the Water, the Part below the Wa- 
ter appearing above its natural Situation, bc- 
caufe the Light that comes from thence is re- 
fracted or bent downwards at the Surface of the 

c 

.Water, where it comes out. Thus alfo the 
Stars near the Horizon appear above their true 
Places, on account v of the Refra&ion which the 
Light that comes frpm them fuffers in. pafling 
through the Atmofphcre of the Earth (b). 
The Manner of which is now to be ex* 
.plained. 

Let then AB {Fig. 22.) reprefent the Sur- 
face of the Earth, C its Center, DF a Portion 
of its Atmofphere, and GI the Sphere, of the 
fixed Stars, and let AH be the Horizon of a 
Spectator at A, and let there be a fixed Star or 
a Planet at K $ and let KL be a Ray of Light 
proceeding from hence. Now this Ray pac- 
ing out of a Vacuum, or empty Space, into the 
Earth's Atmofphere at L, will be rcfrafted to- 
wards the Line LC, that being a Perpendicular 
to the Surface of the Atmofpnere, at the Point 
where the Ray enters. And fince the fupe- 
rior Air is rarer than the inferior, the Ray is 

conti- 

(a) See the Reafon of this affigned, and the Manner of it 
largely explained, Part III, Chap. II. 

(b) This has been already taken Notice of in Part ILL 
@kip. VII. in the Notes, 
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continually entring a denfer Medium all the 
way it goes j and fo is refra<Sed every Moment 
downwards towards C, as *t firft, which will 
caufe it to defcribe a Curve, as LA, and to en- 
ter the Spectator's Eye at A, as if it came from 
E, a Point above L 3 and fince an Objedt ap- 
pears always in that Line in which the Ray 
pafles when it enters the Eye (c) y the Star wiU 
feem to be at G, and therefore higher than its 
true Place, and fometimes above the Horizon, 
when its true Place is below it ; as in the Cafe 
before us, where its Situation K is fuppofed to 
-be below the Horizontal Line AH. 
; Thus it has often happen'd, that in an 
Eclipfe of the Moon, at which Time it is di- 
rectly oppofite to the Sun, they have both ap- 
peared above the Horizon at the fame Tijne, 
When a Star is in the Zenith, it is liable to 
no Refraction 5 for then the Light that comes 
from it to a Spectator's Eye, enters the Atmo- 
fphere in a Direction perpendicular to its Surface: 
But the lower the Star is, the more obliquely 
the Light enters the Atmofphere 5 fo that the 
greateft Refradtion of all is frhen the Star is in 
the Horizon, and it is then 3 3 Minutes and 45 
Seconds ; but when the Star is 50 Degrees or 
more above the Horizon, its Refra&ion is infen- 

fiblefV). 

From 

(c) See the Reafon of this, Part III. Chap.VJII. at the Be- 
ginning. ... 

(d) See Sir Ifaac Newton's Table of Refractions. Philofopfc . 
/Tranfaft. Numb. 368. 
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From hence we ice the Reafon why the Suit 
and Moon, when near the Horizon, do not ap- 
pear of a circular Form, as at other Times, bat 
of an Oval one, having their longeft Diameter 
parallel to the Horizon. For their lower Parts 
appear elevated by Refradfcion more than their 
tipper ones, and coftfequently fiearef together 
than they ought to dp* while their Sides are 
equally elevated, and keep their jnd Diftance 
from each other. 

It is not with regard to Refraction, as in the 
Parallax : The latter of which, as explained ia 
the preceding Chapter, depreffes the Sun only 
and the Planets v and that according as they are 
more or left removed from the Earth ; while 
the former elevates all die Heavenly B6die& a* 
like, at whatever Diftance they are *en*6ved 
from us. 

Farther ; were* k not for the Atafctfpheitf, 
which continually reflects the Light of th6 Sua 
from one Portion of k to another, and th#cfty 
©ccaiions feme of it to enter our Eyes, vrtiich 
way foever they are turned, and alfo throws it 
cpon thofe Parts of the Bodies about us whfch 
are not expofed to the direct Light <tftfi£ Suit's 
Beams, the Whole Heaven^ #ouk£ appear fofel* 
1y dark ; andfacb Bodies, or fueh Parts of Bb^ 
dies, as the Sun did not dircdtly fhirie upon, 
would be invifible, and the Stars would appear at 
Nooiw&y. But the Atmosphere of the Earth 
being ftrongly illuminated by the Beams of the 

Sun, 
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Sun, they are reflected to us, and to other Bo- 
dies from all Parts -, fo that the whole Atme- 
fphpre is enlightened, and every thing therein is 
render'd vifible $ while the fainter Light of the 
Stars, which would otherwife appear, isobfeured 
and eclipfed thereby. 

Befides, though the Sun immediately before 
itfets, would in this Cafe &ine with the &mc 
Brightnefs a$ at Noon, yet the Moment it was 
let, it would be quite dark. Whereas, by 
means of the Atmoiphere it happens, th^t al- 
though none of the Sun's dire& Rays can come 
to us after it is fet, yet we ftill enjoy its reflect- 
ed Light for forne Time, and Night approaches 
by Degrees. For after the Sun is hid from our 
Eyes, the upper Parts of the Atmofpherc remain 
for fome time expofed to its Rays, and from 
thence the whole is illuminated by Reflection. 
But as the Sun grows lower and lower, that 
Portion of the Atmofphere which -is above 
our Horizon becomes lefs enlighten'd* till the 
Sun has got eighteen Degrees below it, after 
which it ceafes to be illuminated thereby (?), till 

• • 

it 



(e) Hence it is, that during that Part of the Year in which- the 
Sun ia never eighteen Degrees below the Horizon, there is a con- 
tinued Twilight from Sun-fetting to Sun-riling. Now that Part 
of the Year, in the Latitude of London, is while the Sun is paifing 
from about the fifth Degree of Gemini to the twentieth of -Cancer, 
that ij, from about the 1 5th of M*y to about the 7th of July. 

Some Philolbphers tell us, that the Height of the Earth's At- 
mofphere may be determined from the Duration of the Twilight, 
in the following Manner. Let ABD (Fig. 23.) represent the 

Earth 
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it has got within is many Degrees of the Eaft- 
crn Side of the Horizon, at which Time it be- 
gins 

Earth furrounded by, its Atmofphere GEF. Through A, the 
Place of a Spectator, draw the Tangent AH patting through the 
Extremity of the Atmofphere at E, from whence draw the Line 
ES, touching the Surface of the Earth in B, as alio from the Center 
G, the- Lines CA, CE and CB. Now, fay they, fince the Crepuf- 
cnlum is owing to the Reflection of the Sun's Rays, by the Particles 
of which the Atmofphere confifts, it mull end at fuch time as 
Kays of Light coming from the Sun, and patting clofe by the 
Surface of the Earth, are reflected from the Top of the Atmo-, 
fphere to the Spectator's Rye ; and therefore knowing how far 
the Sun is below the Horizon at that time, we may know the 
Height of the Atmofphere. Thus let S be the Place of the Sun 
when the Crepufculum ends, SE a Ray of Light pafling clofe by 
the Earth at B, and reflected from E (a Particle at the Top of the, 
Atmofphere) into the horizontal Line EA, to the Eye of the 
Spectator at A ; then Will the Angle HES be the Meafure of 
the Sun's Diftanceibelow the Horizon. And becaufe EB and EA 
are Tangents to the Earth, the Angle ACBat the Center will be 
equal to HES, or eighteen Degrees ; and half of the former, 
namely ACE, will be nine, from whence EI, the Height of the 
Atmofphere, which is the Excefs of the Secant EC above the 
Radius CA or CI, is had by Trigonometry : kcKeiPs Aftronomy, 
Lect. 20. But this way of arguing is founded on a Suppofitioo, 
that Rays of 'Light cannot come to a Spectator's Eye after more 
than one Refraction in the Atmofphere ; the contrary to which 
feems evident, as I ihallfliew in the following manner. Let ABD . 
(Fig. 24.) reprefent the Earth, A the Place of a Spectator, KO 
his Horizon, MNR a Portion of the Earth's Atmofphere, and 
TVW an Arch of the Heavens; and let S be the Place of the 
Sun lefs than 1 3 Degrees below the Horizon *; and let the Line 
SAI touching the Earth be drawn. It is well known that in 
this Cafe, fo much of the Heavens as is not intercepted by the 
Earth from the Spectator's Eye at A, will frill appear enlighten- 
ed ; that is, in other Words, Light will flow to the Specta- 
tor's Eye from every Part of that Portion of the Atmofphere that 
lies between P and Qj fome therefore will come from thofe 
Particles that lie within the Space PAE. But thefe Particles can- 
not be enlightened by the direct Rays of the Sun j for they nc- 

ceflfarily 
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gins to illuminate the Atmofphere again/ and 
in Appearance to di&rfe its Light throughout 
the Heavens, which continues to encreafe till 
the Sun be up. This Light, whether in. the 
Morning before Sun-rife, or in the Evening 
after Sun-fet, is called the Crepufculum, or 
Twilight; and k fuppofed to begin and end 
when the leaft Stars that can be feen by the 
naked Eye (viz. thofe of the fixth Magnitude) 
eeafe or begin to appear. ' 

- But as the Twilight depends on the Quan- 
tity of Matter in the Atmofphere fit to reflect 
the Sun's Rays, and alfo on the Height of it, 
(for the higher thcAtmofphere is, the longer it 
will be before the upper Parts of it will ceafe 
to be illuminated) the Duration of it will be 
various. For Inftance in Winter, when the 
Air is condenfed with Cold, and the Attnolphere 
upon that account lower, the Twilight will be 
fhorter $ and in Summer, when the Limits of 
the Atmofphere are extended by the Rarefac- 
tion and Dilatation of the Air of which it con- 
fifts, the Duration of the Twilight will be 
greater. And for the like Reafon the Morn- 

ceflarily pals above the Line AE, thefe therefore themfelves are 
illuminated by refle&ed Light. Since then thefe afford Light, 
and nearly as much as any of the reft, it is evident, that Rays 
may come to a Spe&ator'g Eye, and in great Plenty, after having 
fuffered two Reflections. And therefore that Demonftration, 
wjiich it built upon a Suppofition that fuch Rays can fuffer but 
one, muft fall to the Ground. 

R 
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frig Twilights, the Air bfing at that Time eon* 
denfed and contracted by the Cold of the pre- 
ceding Night, will he {porter than the Event 
ing ones, when the Air $ more dilated and ex* 

panded. 

Another pfffcCt that the Atpiofphcrc has up- 
on the Rays #f the Sun is* that it intercepts a 
confiderablq Part of them in. their Frogref? 
through it. £y which Mean* it happens, that 
when the Sun is near the Horizon, it appear? 
te& luminous and bright tt*aa when it is more 
elevated \ for the ne«w the, Sun is td the Ho? 
rizop, the greater ip ths Portion of the Atmo- 
Sphere thrpugh which tl*8 Rays of the Suxj 
muft pate <o eo*ra to a Spectator's Eye. For 
Inftynce, pi pig. $3, whew ABD represents tho 
Earth, fusrou^dpd by its Atmosphere GEF, and 
A the Place of a Spei&tor ; it is obvious, that 
when the Sun is in or new the Horizon, Jup- 

Fofe at H, 1$ Rays mpft pafe through a; gpcatep 
ortion of t^ie Atmpfphere to come to the 
Spectator's Eye at A> tfc«n they would do if tho 
Sun were fity&ted i& any Part of the Heaven* 
ahoy? the <aid Point* 
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CHAP. XIV. * 
Of the Do£tririe of the Sphere. 

•npHE Sufcjea 6f this Chapttfre- 
I lates thiefly to the Explanation 
oftnofe Circles which Aftronomers, fof 
the better diftmguiftilng the Places and 
Motions df the heavenly Bodlte, Con- 
ceive t6 be defcribed Within the Sphere - 
of thd Heavens, Some of thefe haVe 
already been defined ; but that the 
Reader may have a cornpleat View df 
their Definitions all together, I (hall 
repeat thefli hefc k theft? pfoper 

Pkees. 

Thefe Circled ate of mo Kinds, wafc 
*h* greater and the /mailer. 

A great Circle fa that which divides a great 
the Sphere into two equal Parts, hav- Circle - 

fag ine fame Center therewith. 

A tefe Circfe ditides the Sphere into a left 
Unequal Parts, having a different Center Circle, 
from that of the Sphere. 

Thefe are fometimes eafled parallel Parallel 
Circles, and receive their Denomina- Q*&* % 
tions from fome great Circle to which 
fhey are parallel. Thus, lefler Circks 

R 2 run- 
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running parallel to the Equator, ate 
called Parallels of the Equator j and 
fo of the ' reft. 
The Poles The Poles of a Circle are two Points 
of a Or- j n ^ g ur f ace f the Sphere, every- 
where equally diftant from the Circle. 
Axis of a The Axis of a Circle is an imaginary 
Circle. n ne fopp fed to pafs through both its 
Poles : Or, that pafles through its Cen- 
ter, and is perpendicular to its Plane. 
Seconda- The Secondaries of a Circle are fuch 
j*? of * as pafs through both its Poles. Thcfe 
irc c * therefore cut it at right Angles in two 
Points oppofite to each other, and am 
therefore always great Circles. 

Th$ Circles of the Sphere are aKb 
diftinguifhed into fixed and moveable. 
A fixed A fixed Circle is that whofe Situation 
irc e * depends not upon that of the Spectator. 
A move- A moveable Circle is that whofe Si* 
able cir- tuation depends on that of the Specta- 
tor. . 

Of the former Sort are the Ecliptic; 
and the Equator, with their Secondaries 
and Parallels. 

Of the latter are the Horizon, with 
its Secondaries and Parallels* 
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L Of the Ecliptic, and other "Parti- 
culars relating to it. 

The Ecliptic is that Circle which the TheEcfipi 
Plane of the Earth's Orbit would mark tic * 
out, were it fuppofed to be extended 
to the Heavens. This therefore is that 
which the Sun feems to describe in its 
annual Courfc. 

The Axis of the Ecliptic is a right The Axb 
Line fuppofed to pafs through the Cen- °£ * c E-. 
tre of the Sun, and to be perpendicular ptic% 
to the Plane of the Ecliptk; and the 
Points in the Heavens, to which thia 
Axis points, are called the Poles there- Ite pota: 
of; and the great Circles pafling through 
thefe Poles, will be perpendicular to the 
Ecliptic, and are therefore called its 
Secondaries > and fometimes Circles of geconda- 
Longitude. By Means of thefe the ries of th* 
Place of any Star is referred to the^P*** 
Ecliptic, and its Longitude and La- 
titude eftimated. For the Longitude Longitu& 
of a Star is an Arch of the Ecliptic, of a Star. 
intercepted between the firft Point of 
Aries, and that where one of thefe Se- 
condaries that pafles through the Star 
cuts the Ecliptic, And the Latitude of Latitat 

aStar ofaStar ; 
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a Star is the Arch of the fame Seconda- 
ry, intercepted between the Star and 
the Ecllptte. Upon this acttrcnt all 
Circles conceived w be drawn parallel 
to the Ecliptic, that is, Parallels of the 
JtadUi Ecliptic, art fcffcetitocfc tailed Parallels 

£t t[ ~ rf L fttitud «* The Latitude of a Sfcf 
k either Northern or Southern, a$ the? 

Star it pkteed on this or that Side the 

Ecliptic* 

*rh* Signs The Ecliptic is divided intd twelve 

JfJ* E - equal Parts* called Sign§. They begirt 

^* * at that Point in which thfe Sun appeirf 

to be at the Vernal Equinox, and arc' 

reckoned from Weft; to Eaft. The 

Namd* of the faid SigM, together with 

the GhjtftfterS whereby they are com* 

ino&ly exprefled, are thefe that JbUoW i 

Aries, Taurus, Gemini, Cancer, Leo, Virgo, 
' T b II * & * r 

A t% * mt ft K 

The firft fix of thefe are called die 
1rhe Zo- JSforthern Sign*, as poifefiing that Half 
*■** of the Ecliptic which lies neareft th& 
North Pole of the Ea*& a the latter, 
the Southern, as being in that which 
is ncareft the Sooth Pole. The Sun ifr 
always ieen in fome Part of this Circle y 

but 
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\s$% th* planets, by f ea(bn of the In- 
clination of the Plane of their Orbits to 

that of the Ecliptic, appear ibmetimc* 
above it, ap# iom«tii»«s btiow it, but; 
never deviate from « abeve kvm or 
.eight Degrees on cither Side ? 80 that if 
we imagine a Space fuwunding the 
Heavens fiftee* Degrees ia Breadth, 
and extended equally above, and below 
the Ecliptic, this will include all ihdr 
Ecliptics, if I may fo fay ; that is, all 

the Circles they' would appear to moss 

in when feen frorj* th»Sftn» and is call-? 
ed the Zodiac. 

The Signs ©f the Ecliptic toak their 
Names, a* was ebfcnwd above, fiqa 
Twelve Conftellaxlong ^tuatad ia that 
Heavens near thofe Places. But it moA 
be rwuwt>red> that the Signs an dif- 
fcwrrt f*Q>ft tbje Cottflellattona whichi 
bear tbp feme Nam*. For the £jga 

Aries for Inftance, is- not in the Jams 
Pari of the ikswm with the Conftel- - 
laripn Aries, Trie %n Aries is only 
thirty Degrees, of the* Ecliptic, aqnotee) 
from one of the Equinoctial Points ? 
whereas the Ctn/hllatien of that Name 
i* a Syftem of Stars, the as»ft of which; 
are now fjtuated between the fieft and 
lad Degree of Twnis, And fr of the 

other 
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other Signs. Thefe Cohftellations were 
in the Infancy of Aftronomy fituated 
within the Signs which now bear their 
Names ; but by a (low retrograde Mo- 
tion of the Equinoctial Points, called the 
% . Precejfion of the Equinoxes y as explain- 
ed above (a) y the Conftellation Aries has 
got into the Sign Taurus, and that of 
Pifces into the Sign Aries ; and fo of 
the reft, 

II, Of the Equator, and other Particu- 
lar* relating to that* 

m 

The Axis The Axis of the Earth is a right Line 
2^ fiippofed to pafs through its Center, 

about which its daily Rotation is per* 

formed. 
The Poles The Poles of the Earth arc two Points 
^^ in its Surface, where its Axis pafles 

through ; the one the North, the. other 

the South Pole. 
The Poles The Poles of the Heavens are two 

Heavens ^ mts "therein,- where the Axis of the 

Earth, if produced, would pais through 

them. 
TheEqua- The Equator is a great Circle on the 
**• Surface of the Earth, equally diftant 

from either Pole thereof. This is by 

Mariners called the Line, 

A 

[a) See Chap. V. 
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A Secondary of the Equator pafling Meridian. 
through any particular Place upon the 
Surface of the Earth, is called the Me~ 
ridian of that Place. 

And as the Longitude and Latitude 
of the heavenly Bodies are determined 
by the Ecliptic and its Secondaries ; fb 
by the Equator and its Secondaries, 
Places upon the Earth's Surface are dif- 
tinguifhed as to their Longitude and 
Latitude. 

The Longitude of a Place is then an The Lon: 
Arch of the Equator, intercepted te-jfp^ * 
tween the firft Meridian (£), and that 
which paffes through the Place. 

S The 



- (i) By the firft Meridian is meant that which paffes 
through fome remarkable .and well-known Place, 
which Geographers pitch upon to eftimate the Longi- 
tude of other Plates from . The ancient Geographers 
called that the firft Meridian which pafled through the 
mod Weftern Part of the then known World ; and fp 
reckoned the Longitude Eaftw$rd from thence. And 
as they look'd upon the World to be longer from Weft 
to Baft than from North to South, they gave the 
Name of Longitude to, the longer Dimenuon, and 
that of Latitude to the fhorter. But when it was 
discovered that the Earth was round, andcenfequent- 
ly that there was no extream Point of Longitude, 
Geographers began to neglect this Method, and every 
one chofe a firft Meridian. according to his Fancy vA 
Inclination. Thus, an Engtijh Geographer fhall tel| 
you the firft Meridian paffes through London \ a French* 
man* that it paffes through Paris, Sec. ' 

P Thia 
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The Uti- The Latitude of a Place is an Arch 

Placed a °f l ^ c Meridian, intercepted between 

the Place and the Equator * and is ei«< 

ther Northern or Southern* as the Place 

lies on this or that Side the Equator, 

TheEqui- The Equinodial and the Equator are 

no &*l. different, the former being a Circle k* 

the Heavens, which the latter would 

rnark out if fuppofcd to be extended 

thither. 

Northern The Equinoctial divides the Heavens 

andSouth- ^ the Equator doe* the Earth, into two 

^cr« mi eqyzl Portions, called the Northern and 

Southern Hemispheres. 
Right Af- And as by the Secondaries of the 
SlSedi- Eqoator, Places upon the Earth are re- 
nadpn. '" ferred to the Equator; fo by thefe of 
the Equinodial, the Places of the hea- 
venly Bodies are referred to the Equi- 
nodial. But as an Arch of the Equa-» 
tor, intercepted between the firft Me- 
ridian and that which pafles through 
any Place, is the Longitude of that 
Place 5 an Arch of the Equinodial in- 
tercepted between die iirft Point of A r 
ries and that where it is cut by a Secon- 
dary 

This arbitrary Way of reckoning the Longitude 
firom different Habcs, makes it ncceflary whenever 
Mention is made of the Longitude of any Place, tq 
mention alfo the Place from whence that Longitude is 
counted. 
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tfary of the Equino&ial that pafles thro' 
the {aid Body, is called its Right Af- 
cenfion. And an Arch of the fame 
Secondary intercepted between the fame 
Body and the Equinoctial, is called its 
Declination, which is alfo either North- Dfciin*; 
era or Southern, as k happens to be tio * 
in the one or the other Hemifphere. 

From hence the Secondaries of the circles of 
Equinoctial are fometimes called Circles Afcenfcm 
of Afcentfon and Declination. SJS"^ 

T^e Equinoctial Points are thofeEquinoc- 
where theEquator cuts theEcliptic ; and tial *p& 
are fo called, becaufe when the Sun isp^ 1 ^' 
in thefe Pokits > it b alfo in the Equator,, 
and therefore makea the Days and 
Nights of an equal Length all the 
World over. The Solftitial Points are 
dtofe Points in the Ecliptic where the 
Equator is moft diftant from it ; and 
arcr fo called, becaufe when the Sun is 
in them, it can fcarce be perceived to 
alter its Diftance from the Equator for 
feme time. 

There are two of the Secondaries of 
the Equinoctial more remarkable than 
die reft, called the Colures ; the one 
pafles through the Equinoctial Points, 
and is called the Equinoctial Colure ; 
the other is placed at right Angles with 
this, aiid pafles through both the Poles 

S 2 of 
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of the Equator and of the Ecliptic too, 
and is called the Solftitial Colure. 
Hour Cir- Secondaries of the Equinoctial drawn 
dcs * through each 15th Degree thereof, will 
divide it into 24 Parts j each of which, 
fince the Earth revolves once round its 
Axis in 24 Hours, will anfwer to one 
Hour 5 that is, each of them (fuppofing 
the Heavens to revolve as they appear 
to do) will fucceed into the Place of a 
foregoing one in the Space of one Hour$ 
and are for that Reafon called Hour 
Circles. And the Inhabitants of any 
Part of the Earth, whofe Meridian coin- 
cides with any one of thefe, will differ 
in their reckoning of Time one Hour 
from thofe whofe Meridian is coinci- 
dent with the next j and fo on* 
Tropics Of the Parallels of the Equator, four 

circks laf ^ c more remarkable than the reft, and 
diftinguifhed by particular Names, viz.. 
the Tropics and Polar Circles. 
The Tro- The Tropics are thofe Circles which 
pics. the Sun in its greateft Declination feems 
to defcribe by its diurnal Motion ; and 
are therefore Xo far removed from the . 
Equator, the one on the one Side, and 
the other on the other, as is the Inclina- 
tion of the Equator to the Ecliptic, viz. 
23 Degrees and an half. They are call- 
ed Tropics, becaufe when the Sun ar- 

rives 
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rives at either of them, it returns bacl^ 
again towards the Equator. 

That which lies in the Northern He- Tropic of 
miiphere is called the Tropic of Cancer, Cancer, 
becaufe it touches the Ecliptic in the*?. J^. 
firft Degree of that Sign. The other, prieorn. " 
the Tropic of Capricorn, for a like Rea- * 
fon. 

The polar Circles are thofe which the The Pola* 
Poles of the Ecliptic feemta defcribe Circte *" " " 
by the dkirnal .Motion of the Earth; 
and are therefore each of them at the - 
fame Diftance from the Poles of the 
Earth that ther Tropics are : from the 
Equator. That which lies in the 
northern Hemifphcre is called the Arc- Ar^icand 
tic Circle, fromjrto, the Bear, a£?^ ic * 
Conftellation near that Place j- the other . % * 
being in Pofition oppofite to this, is * 
called the Antarctic Circle. . For the 
fame Reafon the North Pole of the 
Earth is fometimes called the jir&icj^ 10 ™* 
Pole> the other the Antarftic. ^l 

By means of the Tropic and Polar 
Circles (or rather by certain imaginary 
Circles upon the Surface of the Earth 
correfponding to them, and called by 
the fame Names) the Surface of the % 

Earth is divided into five Parts, called 
Zones. The one of which is called the Toni 4 
torrid Zone, and is that Spice or Trad: zone. 
1 of 
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of the Earth which is comprehended 
between the two Tropics. - The Anci- 
ents imagined this Tradt of the Earth 
to be uninhabitable, on Account of 
the Heat of the Sun there. There are 

*£& two frigid Zones, the one is that Portion 
of the Earth's Surface which is included 
within the ardfcic Circle, the other with- 
in the Antarctic. The remaining two 

^^ wfc are the temperate ones, lying one on one 
Side the Equator,, and the other on the 
other, between the frigid and the torrid 
ones. 

The Inhabitants of thefe Zones are 
diftinguifhed by the different Direction 
of their Shadows. Thus, they that live 

The Am* m the torrid Zone are called Amphifcfi j 

**"*"• becaufe their Noon Shadows are caft 
ibmctimes towards die North, and 
fbmetimes. towards the South, accord- 
ing as the Sun at Nooit is to the North- 
ward or the Southward of them. But 
when the Sim pafies dire&ly over their 
Heads at Noon, they caft their Sha- 
dows neither the one way nor the other* 

The Afcii. and are ralfcd Afc k 

The Inhabitants of the temperate 

Tht f ** c ~ Zones are called Heterofeii, becaufe 

they never caft their Meridian Shadow 

fcu* Cr ^g^ Zones aa caHed- Pfcrifcii, becaufe, 

by 
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by reafon that the Sun is ibmetimes 
above their Horizon for a Day Or infltr 
without letting, their Shadows turn 
quite round them. 

The Inhabitants of the Earth hove 
alfo been diftingui£hed into three Sorts** 
with regard to their Situation with re- 
4pe& to eajch other. They who live 
under the oppofite Points of the lame 
Parallel of the Equator, are called with . . 
refpe& to each other, Periceci. P*r*ecu 

Tbefe have the larae Seafoas of the 
Year, but it is Midnight to the one 
when it is Noon or Mid-day to the 
other. Others are called Antoeci, atAmocL 
living under the lame Meridian, but in 
oppofite Parallels. Thefe have Day 
and Night at the fame Time, but dif- 
ferent oeafons, it being Summer with 
one when it is Winter with the other. 
Others are Antipodes, with refpeft to Antipole* 
each other, that is, they live in oppo-* 
£te Parallels and Meridians too * fb that 
they are cm the oppofite Points of the 
Globe; and therefore have both their 
Days and Nights, and their Seafoas qf 
the Year reverfed, the one with rcfptf* 
tp the other, 
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IJI. Of the Horizon, and other Parti-, 
culars relating to it. 

r The Horizon is a Circle in the Hea^ 
vens, whofe Plane touches the Surface 
of the Earth, in the Place of the Spec- 
tator. This Circle feparates that Part 
of the Heavens which is yifible from 
that which is not ; and is called the 
Tfie fenfi-fenfible Horizon j in contradiftin&ion to 
He Hon- anot h cr Circle parallel to this, whofQ 
Plane paffes through the Center of the 
Tlicratio- Earth, and is called the rational Hori- 
^ Oli 'zon. The Diftances between thefe 
two Circles is fo fmall with refpedfc to 
that of the fixed Stars, that it is ufually 
negledted, and the Circles are fuppofed 
to coincide. 

• The Poles of the Horizon are two 

c " " ' Points, the one of which is exa&ly over 

the Head of the Spectator, and is called 

Zenith, the Zenith ; the other diredtly under 

Nadir, his Feet, and is called the Nadir. 

The Secondaries of the Horizon pals 

through the Zenith and Nadir, and are 

Vertical called Vertical Circles or Azimuths: 

Circles, or j ts p ara u e i s Almicantaraths, or com-* 

monly Almicantars [c). 

Among 

\ (e) Thefe are Terms introduced into Aftronomy 
by the ancient Jraiian Philofophers, and Hill retained, 
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Among the Vertical Circles of the 
Horizon there are two more remark- 
able ones, viz. the Meridian, and the^?*" 

. / juia prune 

prime Vertical, (for the Meridian ofVerticai. 
any Place is a Secondary of the Hori- 
zon of that Place, as well as of the E~ 
quator.^ TheMeridian,as ohferved above, 
pafles through the Zenith and the Poles 
tof the Equator. This cuts the Horizon 
in two Places, which are called the 
North and South Points thereof. The 
prime Vertical cuts the Meridian at 
right Angles in the Zenith and Nadir, 
tand by interfering the Horizon marks 
out the Eaft and Weft Points ; and 
thefe two Circles cut the Horizon into > 
four Quarters, each of which is fup- 
pofed to be divided into eight, the whole 
therefore into thirty-tfao, which are call- 
ed the Points of the Compafs, of which . 
the four.firft mentioned, viz. Eaft, t bTcom* 
Weft, North, and South, are called by pafc. * 
way of Eminency, the Cardinal Points. ^[J^ 1 *** 

The Altitude of a Star is an Arch of ° in " ; 
a Vertical Circle that pafles through it, ^ S^ 
intercepted between the Star . and the preffioa of 
Horizon. If the Star be below the Ho- a Star - 
rizon, it is then called its DeprefSon. 

When a Star is upon the Meridian Culmina- • 
©f any Place, it is faid to culminate, 5°^* 
or to be in its Meridian Altitude. 

T The 
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The aa • The Azimuth of a Star is m Arch 
muthofa^ ^ HoriTO ^ intercepted between 

' ' the North or South Point thereof, and 

the Vertical that partes through the 

Star; and is called Ea$era or Weftern 

.according to the Situation of the Star. 

The Am- The Amplitude of a Star is an Arch 

piitadc of^ ^ Horizon, intercepted between 

aSter ' that Point where 'the Starnfe orfets, 

and the Eaftor Weft Point of the Ho- 

rizon; and is either Northern or Soutb- 

«rn. If the Amplitude be taken from 

Rifingandthe rifing of the Star, it is then called 

aS§. ^ rifing Amplitude § if when it fet% 

tude. it3 fetting Amplitude. 

i That Point of the Ecliptic through 

Th Mid^^ ^ 1 ^ Meridian of any Place pafiet, 

heaven. -* s called the Mid-heaven. Ana that 

JPoint of the Ecliptic which is diilanta 

quarter of a Circle from the Points 

}£*** where it cuts the Horizon, is called 

4 * pce - the Ninetieth Degree. 

it* He* The Height of the Pole aboro the 

2£p£kf Horizon is, called its Elevation, And 

\ / this is equal to the Latitude of the Place* 

for either of them being added to the 

pittance between the Zenith and die 

PoIq, makes ju$ a quarter of a Cirr 

cle (c). 

(J) Ftbm henee arifes the Method of measuring tht 

Cir- 






Chap. 1 4. of the Sphere. %^\ 

The Inhabitants of the Earth are d- 
gain diftinguifhed by the Sphere they 
are faid to live in. Thus, fuch as live 
under the Equator, have their Horizon 
paffing through both the Poles of the 
Earth, and cutting the Equator and all 
its Parallels at right Angles, and from 
thence are faid to live in a right Sphere. **& ht 
The Property of which Sphere is this, Sphcrc ' 
that the Days and Nights are of an equal 
Length all the Year long, and the Stay 
which any of the heavenly Bodies make 

T 2 above 



Circumference of the Earth. For, let two Places be 
pitched upon, lying North and South of each other, 
fach that the Elevation of the Pole in one lhafl exceed 
lit Elevation is the other by one Degree fappofe, then 
ineafure the Diftance between the two Places in Miles : 
then as one Degree is to the Circumference of a Circle?, 
or J60 Degrees, (o is that Number of Miles to the 
Circumference of the Earth. By this Means the Cir- 
cumference of the Earth is found fuch, that the Length 
of one degree therein is equal to 69 UngUJh Miles. 
This Meaftre was Irft found out by our Countryman 
IforviW, andafterwards attempted by the French Ma* 
thematicians, who twice applied them/elves* to it by 
the King's Conrmatid, and d i fc o v erc d ahneft the feme 
Meafore that Norwood had dene before. They took 
the Length of a pored Caufey of near feven Miles, that 
lies between Jews Village and Jwvitum in Plcardy, by 
atari Menfomion 1 and the* by a Survey from thence 
With the moft accurate Instruments, they took the Dl£ 
tance between j|fo/a<z/j* andSvrdon, which lies almoftm 
a ftrait Line ffomNorth toSouth ; in- both whkhr Pjacrt 
Aey lack the Height of the Pole, and from thence 
computed the Ckaftnftrenc* of the Globe. The Ma- 
thematicians fet over this Work were Monfieur ficari 
Urn firft time, and Monfieur Cajftni the fecond. 
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above the Horizon is equal to that 
which they make below it. The Rea- 
fon is, that all the Parallels of the Equa- 
tor, in which the heavenly Bodies feem 
to perform their diurnal Revolution, arc 
cut into two equal Parts by the Hori- 
zon. 

Such as live between the Equator, 
and either Pole, have their Horizon 
croffing the Equator and all its Paral- 
lels, lefs or more obliquely, as they live 
lefs or more diftant from the Equator. 
Hence thofe are faid to live in an ob- 
jure* ty 1 * s pk ere > an( * h ave a ^ the Parallels 
p ere# or the Equator cut into unequal Parts 

by their Horizon, fo that neither the 
Sun nor any of the heavenly Bodies, 
unlefs they be in the Equator, make an 
equal Stay above and below their Hori- 
zon. 

To thofe who live at the Poles of the 
Earth, if any fuch there be, the Equa- 
tor is parallel to, or rather coincident 
with the Horizon, and all its Parallels 

Parallel are P ara ^ to ** > fr° m whence this is 
Sphere, called a Parallel Sphere. The Property 
of this Sphere is, that it is Day for half 
the Year together, and Night for the 
other half. For the Equator and Ho- 
rizon being parallel, fo long as the Sun 
continues on the fame Side the Equator, 

fo 
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fo long muft its Stay he Oft" the fame 
Side the Horizon, and confequently lb 
long is it Day at one of the Poles, and 
Night at the other. And the fixed Stars 
do not rife or fet in this Sphere, becaufe* 
they do not remove their Places from 
one Side of the Equator to the. other, 
as the Sun and Planets are obfbrved to 
do. 

It is obvious, that in a right Sphere, 
the lame Point of the Equator which 
comes to the Horizon with any Star, 
will come to the Meridian with the 
feme ; becaufe in this Sphere both the 
Horizon and the Meridian become Se- 
condaries of the Equator. Now an 
Arch of the Equator intercepted be- 
tween this Point and the firft of Aries, 
is called the right Afccnfion of a Star. *$J/£ 
But in an oblique Sphere it will not be a Star. 
fp, but fome other Point different from 
that which comes to the Meridian with 
k, will rife with it, becaufe of the Obli- 
quity of the Horizon to the Seconda- 
ries of the Equator. And the Diftance 
between this Point and the firft of A- 
ries, is called the oblique Afcenfion of a 9?**? 
Star. And the Difference between right Afcenfiir* 
and oblique Afcenfion is termed its Af- nai Diftr- 
cenfional Difference. cnce * 

In 
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In an oblique Sphere there is a Pa-* 
rarallel of the Equator, fo far diftant 
from the Pole as il its Elevation above 
the Horizon, the Start that are compre- 
hended within which ieem to revolve 
about the Pole without ever rifing or 
fttting. This is called the Circle of 
Circle tf perpetual Apparition. There is another 
5^J: oppofite to this, and *t the fame DiC* 
tion. tance from the other Pole, called the 
C8w * [°f Circle of perpetual Occultation j be-* 
Cterife. caufe the Stars that are included thereto 
tion. never appear above the Horifcon. 

The ancient Geographers were wont 
to diftinguifh die different Regions df 
Parallels the Earth by Parallels and Climates, ia> 
^ h - fuch manner, that in going fn*n qua 
Parallel to another, the Days at the 
Summer Solftice fhould be encreafed %- 
quarter of an Hour. So that fuppof- 
ing the Equator to be the firft Parallel* 
under which the Days are always \% 
Hours long, the next fhould be wheret 
the kmgeft Day of the Year fhould be* 
12 Hours and a Quarter long, &e. And 
two fuch Parallels made one Climate, 
till we come to the Fblar Circles. And 
from thence to the Poles thty reckoned 
the Climate fuch, that the Stay of the* 
iSun above the Horizon was* a whole? 

Month 
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Month dfflferent in one from what it 

was in the next contiguous one. 

- As the ^ear of the Ancients wa$ not 

precifely adapted to the annual Motioe 
x>f the Son, aa wefhall fee hereafter! it 
happened that the Sealbns did not al- 
ways fall on the fame Part of their Year, 
£o that it was not accurate to denote the 
Time of the Year by the Day of the 
.Month. It was therefore ufual with 
them to diftinguilh the Seafons by the 
Cofmical, Achronical, and Heliacal rif- 
ingand fetting of the Stars. And be-Thepoe- 
caufe we meet with thefe Diftindions *<* ] •"&* 
moft frequently among the Poets* they ™ t ^ m8 
are called ^j^Ppetipal Rjfiogs and Set- Stan. 
tings of th#^ter* 

A Star * laid to rife or fet cofmically, 
when it rifea orfets at, Sun-rifing; and 
when it riles or fefs at Sun-fetting, it is 
laid to rife or fet ^chronically. A Star 
riles heliacally, when it emerges out of 
the Sun's Rays, and is got fo far from * 

it as to become vifible. And it is faid 
to fet heliacally when it firft immerges ' 
into the Rays, and becomes invisi- 
ble (d). 

(d) Kepler will have it, that thefe Words are to be 
taken in another Senfe, To as that to rife or fet cofmi- 
cally fhall fignify the fame as to afoend above, or de- 
fcend below the Horizon $ but thc?t to rife or fet 
achronically, is the fame as to rife or fet in the Sun's 
* Oppo- 
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Oppofiie.or in. the other Achron, or Extreme of the 
Night : In which Senfe FioUmy, and to this Day moll 
Aitronomera fay, a Planet is achronkal, when it ii op- 
pofite to the Sup, and ihinei all Night; fothattorife 
achronically is, as above, the fame at to rife when the 
Sun is fettmg; bat to fee achronicaily, is to fet when 
.the Son is riling ; which i» commonly called the Cof- 
mical Setting. 
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CHAP. XV. 



The Defcription and Ufe of the Orre- 
ry and we. Globes. 

I. TT 1 H E Orrery is a Machine defigned to 
l A rcprefent at one View the real Mo-> 
tions of the Heavenly Bpdies. In order to 
this, in the middle of a lajge Circle, defigned 
to reprefent the Ecliptic, is fixed a Globe re* 
prefenting the Sun. Next to the Sun a fmall 
Ball Te$rc&Qtin^Mercury< Next to this is 
Venus represented by a larger. . At a greater 
Diffynce ftill from the Sun, is the Earth repre* 
fented by ap Ivory Bajl. JLound the Earth*" 
at ibn^e jpiftance, frona it, is a Ring to expre/s 
the , Orbit of the . Moon, making, an Angle 
iyith the Circle that rcprefents the Ecliptic* 
^nd thereby fhevvbg the Inclination they have 
to each other, in the Heavens^ and alio th$ 
Line of the Nodes. JVuhm this Ring is %- 
finall Ivory Ball fepjrefenting the : Mc)on, an<$. 
having 3 black Cap or Cale, which always 
^ovexs that Hemifpnere which }$ turned froni 
the Sun j and thereby diftinguiiheth the. 
epUghtiied Part from the dark one. t Beyond 
thefe is fcen Mars, then Jupiter and its four 
$1 oons, and outermoft of all is Saturn with it* 
Ring and five Moons. > 

V All 
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All thefe are fixed upou finall Stems which 
feverally reprcfent their Axes, each of which 
has its peculiar and proper Inclination to the 
Plane of that Circle which we faid was to re- 
prefcnt the Ecliptic : And when the Machine i* 
put in Motion, all thefe Bodies move round that 
which reprefents the Sun, and at the fame time 
both that and all thofe which reprefent fuph of 
the Planets as have been obferved to have 9 
Rotation about their|Axes, turn round upon the 
faid Stems, and in their proper Times; The 
Moons alio revolve about their Primaries at the 
feme Time, and theRing that reprefents the Orbit 
of the Moon has likewife its proper Motion, 
ivhereby that of its Node* is alfb csprcfled. 

Thcie Bodies are all kept in Motion by 
Wheelwork conceal'd iri a Cafe underneath, 
and turned by a fmall Winch in the fide of the 
Gale; one Turn anfwering to a Revolution of 
the Ball which reprefents the Earth, about 
its Axis ; and. consequently to 2,4 Hours of 
Time. So that 37 Turns caufes the Surf to 
turn once about its Axis, 565 carries the Earth 
about the Sun, 17 the Moon about the Earth, 
&c. So that not only the Motion of the Hea- 
* venly Bodies may be reprefented, but their 
Situations with relped to each other may be 
feewn for any Time either paft or to come ; (a} 

(a) This and the next Paragraph nmft be underftood with 
fane Limitation,- Machines of this kind being fufficientty adap- 
ted to common Ufe, though not accurate enough for this, pur* 
fofe; none of the Machines of this kind which have yet been 
«ka,dfc, being {o contrived as to ffacw this with Accuracy, 
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by -giving the Winch a proper Number of 
Turns backwards or forwards as the Cafe re- 
quires. 

There is ufually alio a Lamp in a Cafe, with 
one or more convex Glaffes in the fide of it, 
to throw a flarong Light direttly forwards; 
.this Lamp being put in the Place of the Sun, 
and that fide of the Cafe which has the Glaft 
in it dire&ed towards the Earth, k being alio 
contrived to turn according to the Motion of 
the Earth, a ftrong Light is thereby continually 
thrown upon it, and the Moon, in whatever 
part of its Orbit it is, and lb not only the 
Times in which the Eclipfes of the Sun and 
Moon, that is, properly of the Earth and 
Moon will happen, are fhewn, but they them- 
ielves are duly reprefcnted. (a) 

IL As 

fa) Artificers generally ere£t upon the Ecliptic fome Semi* 
circles , to reprefent fomt of the principal Circles of the Heavens* 
But this is wrong, and terids to Confuliqn s becaufe thefc Circles 
feeing only imaginary, and arifing from the apparent Motions of 
the Heavenly Bodies, ought to have no Place in the Orrery t 
Which as it expreffes their r/*/ Motions, ferves to explain, yet 
is by no means intended to reprefeni their Phenomena ; the Phe- 
nomena and real Motions being in feverai Cafes diredUy contrary 
to one another. To be particular, they have in fome affixed 
the two Extremities of a Semicircle, which they call a moveable 
Horizon by two Hinges to the Ecliptic, at the firft Degree of 
Arits and Uhra* this is as if all Horizons neceflarily paifei 
through thefe Points, which is impoflible, becaufe there are at 
many Horizons as Points upon the Earth. So that the putting 
on this Circle is not only an Impropri|ty common to the reft* 
but is attended with a neceflary Blunder. A learned Expofitot 
of the Orrery fays, * when this Machine is fet to any Latitude, 
* {for they have a Contrivance for that too) fet the moveable 
£ Horizon Xo {he fonie Degree upon the Meridian* and you may 
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II. As the Orrery is a Machine proper to 
jreprefeht the real Motions of the Heavenly 
Bodies, fo the Globes arc adapted to their apt 

Strent Motions : Arid that I may give the 
eader a juft and adequate Idea of them, I 
ihall premife the following Defcription of a 
Machine, which though imaginary, 'will great- 
ly tend to the true Conception both of their 

Nature and Ufcs. * : : ; 

In Order to this, let us conceive a large 
hollow Sphere reprefcnting the infide of thfc 
Heavens, and on the inner Surface of this Sphere 
let the Sun, Mooin and Stars, be fuppofed tb 
be delineated in their proper Places; and let 
the Sphere be put into a Frame, and ' hang 
there in foch Manner, as that it may be capa- 
ble of turning about an Axis: And let it be 
{o contrived, that either end of the Axis may 
be raifed or lowered at Pkafure, 

• * • 

4 form an Idea of the refpe£ive Altitudes, or Deprefiions of the 
« Planets above or below the Horizon, according to their refpec- 
* tive Pofitions, with regard to the Meridian.* 

Now the Idea which the Motion of the Orrery in this Pofition 
gives me, is that the whole Earth is one half of the Year above 
the Horizon, and the other half below it. For the Ball which 
reprefents it in the Orrery is manifeflly fo, while it performs its 
Revolution about the Sun. 

Again, fome Artifts, in order to make the Orrery reprefent the 
feveral Phafes of the Moon, make one half of the Ball that 
- reprefents her black ; in which cafe they are obliged to contrive 
it fo, that the fame fide of the Moon fhall not be always tamed 
towards the Earth ; wftich is contrary to her real Motion, or 
that the dark fide fhall fometimes be turned towards the Sun, 
which is abfard. 
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In themidffeof this Sphere, let there be a 
fmall Ball to reprefent the Earth, but fo fixed 
'there, as not to turn round with the Sphere, 
and let a Spedator be fuppofed to be placed 
on the uppermoft Point of this Ball ; and to 
prevent the lower half of the Sphere from 
being vifible to him, let a Plane, that is, a 
thin broad Subflance, a Plate of Brafs for In- 
ftance, be liippofed fixed on that Point of the 
Ball where the Spedator Hands, and to reach 
on all fides as far as the inner Surface of the 
Sphere: This will reprefent the Horizon of 
that Spedator; becaufe it feparates the upper 
half of the Sphere, which we are to fuppofe 
'vifible to this Spedator, from the lower, which 
we muft fuppofe to be out of his Sight Then, 
as is moft obvious, by turning this Sphere 
once round, while the Ball, the Spedator and 
the aforefaid Plane remain unmoved, the rifing 
and letting €>f the Sun, Moon and Stars, by 
their palling by the Edges of this Plane, will 
be duly represented: (a) And thofe Stars 
which do not go down lb low as the Plane 
(as is evident if one End of the Axis of the 
Sphere be above it, fbme will not,) will be 
thofe which never let to a Spedator on that 
Part of the Earth, which correfponds with the 

(a) The Reader is to fuppofe here, that in this cafe the 
Sphere is not hong in its Frame in fncfi manner, that one Ex- 
tremity of its Axis fball be dire&ly over the Spedator ; becaufe 
In that cafe none of the Heavenly Bodies in turning the Sphere, 
^ill pafi by the Edge of the Plane* 
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jupppjrrooft Point of the Ball; thofe which 
flurmg the whole Revolution, do not rife fo 
high as to come above it ; will be thofe whicfc 
never rife. 

Again, if we ftippofe 41 Circle as large as the 
infide of the Sphere will admit of, to be pla- 
ced within it, in fuch manner 93 to have the 
Axis of the Sphere palling through two oppo- 
site Points of it, and alfo to have one Point of 
ft dire&ly over the Head of the Spe&ator, 
4and the oppofite one diredly under his Feet, 
and jto remain unmoved while the Sphere turns: 
This will xeprefent the Meridian of that Spec- 
tator ; and io the Culmination? of the Hea- 
venly Bodies, that is, their palling the Meri- 
dian in the Heavens, will be exhibited by thejyr 
paffing by this Circle, 

Farther, if we alfo imagine *n Index like 
-the Hand of a Clock, to be fixed upon one 
of the Extremities of the Axis of the Sphere, 
in fuch manner as to turn with the Sphere, and 
%o jx>int continually to a Circle fixed on the 
Frame, with the 24 Hours delineated upon it • 
and if this Indejcbe fet to point to the Hour 
1 a, when the Sun's Place upon the Sphere for 
any given Day, is at the Circle that reprefents 
the Meridian, then by turning the Sphere thi$ 
way or that, till the Place or the Sun or any 
of the Stars comes to the Plane abovemen- 
fioned, the Index moving along with the Sphere, 
will point to the Hour at which they rife or 
fet that Day: And if we obferve to what 
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Hour the Index points, when any of them? 
crofies the Meridian within the Sphere, the r 
Time of their Culmination, or Southing} will 
be exprefled : And fb by this Machine, ail 
Problems relating to the riling, fettiiig and 
fouthing of the Sun, Moon arid Stars, may be 
lolvcd. The Reafon why the Index muff -be 
ftt to point to the Hour i a, when the Place' 
of the Sun is brought to the Meridian,, is that 
i$ may point to that Hoiir, which the real Sun 
indicates, when the Heavens ftand in a Pofitfcri 
correfponding with that of our imaginary 
Sphere. • i: 

But fince by means of the annual Motion of 
the Earth round the Sun, the 8un continually 
fhifts its apparent Place in the Heavens in fiich 
manner, as to fcem to defcribe a great Circle 
once a Year ; it is evident that its Piace cannot 
be delineated on the infide of this Sphere a* 
we have fuppofcd, unlefe it be for a Day or 
a few Hours, during which Time its change 
of Place is fo finall that it may be negle&ed. 
In like manner the Planets are continually 
changing their apparent Places in the Heavens; 
by means of their Motions in their refpe&ivtf 
Orbits; neither therefore can their Places be 
affigned them, unkfi for a very fmall integral 
ef Time, Let us then imagine both tht Sun 
and the Planets to be reprefented by littfe Balls 
adhering to the inner Surface of the faid Spheifc j 
but let it be fb contrived, that each Ball (hall 
fliift its Place With every Turn of the Sphere; 

juft 
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juft fb much,: and; in the lame Dire&ion that [3 

the Sun or other; heavenly Body, the Ball re- (] 

prefents, appears to fhift its Place in. the Heavens • 
in one Day : And let the Index fliift with the 
Sun, fo thai: it; may alytyys ppirit to i a, when 
the Place of the Sun comes to the Meridiap. 
. Then, as is iftoft pbyious, wilj pur Machine 
be lb adapted, that upon turnisg it round con- 
tinually, the Change of the Tinie of tfcrc ri^ng , 
and letting of thc.Sun, its .different Meridian 
Altitude, . the viciffitude and length of 0ay and 
Night, the alteration, of the; Time of the ri- 
ling and letting of the fixed Stairs and of the 
Planets, for fp many Days running, as is the 
Number, of Ttfrns giyento the Globe, will alt : ; 

be exhibited to View: And cpnfequeotly by '- 

turning the Sphere 565 Times round, theSuc^C f 

ceffion of the Seafons will be reprclented. i 

throughout the Year with abundance more-| 
or rather will all the remaining Phenomena of 
the Heavens. . . . 

This Machine, as hithertp, defcribed, fer ves 
only to exhibit the Phaenopiena of the Hea-^ 
yens as they appear on one Point of the Earth's. I 

Surface, vi%. that which is reprefented, by the 
uppermoft Point of th$ Ball, pr tjiat ^yhere tho . [ 
Spe&ator was fuppofed to Hand. But if we | 

imagine the Plane which was put as a Boun- |_ 

dary to the Spectator's Sight, to be applied to \ 

lbme other Point of the Ball and fixed there^ 
then the Motion of the Sphere will exhibit 
the Phenomena, as they would appear to a ( 

Spedato* \ 

i 

h 
1 
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Spe&ator on that Part of the Earth, and fb for 
the reft; or which comes to the fame thing, if 
while the Plane remains unmoved, one of the 
Poles of the Sphere be elevated above it as 
many Degrees as the correfponding Pole in the 
Heavens is above the Horizon of a Spedator, 
on any Part of the- Earth; then will the Re- 
volution of the Sphere reprefent the Pheno- 
mena as they appear to that Spe&ator. For 
it is the lame Thing whether the Pole be lifted 
up from the Horizon, or the Horizon put 
down below the Pole, {a) 

Now this Machine (except in fome few 
Particulars, in which it vaftly excels the celes- 
tial Globe) is exa&ly the fame with it as to its 
Ufes. Thus, the Globe turns upon an Axis, 
either End of which may be raifed or depref- 
led at Pleafure; and on one of them is an In- 
dex that turns with the Globe, *nd points to a 
fixed Circle that has the Hours upon it. There 
is no Ball in the middle, as we fuppofed in the 
Machine, but the Place of the Spectator is al- 

( a ) By means of an Orrery to reprefent the real Motions 
of the heavenly Bodies, and fuch a Machine as above defer ibea, 
to (hew afterwards how the apparent Motions of thofe Bodies 
depend on, and are connected with their real ones, the Elements 
of Aftronomy might be taught much better than by any thing 
that has as yet been contrived $ or rather, if 1 may fo fay, ihe 
Science itfelf might thereby be exhibited to View. For the 
Orrery, though it admirably well illuftrates fome Things, parti* 
cularly the Edipfes, and in general what relates to the Motions 
of the Planets about the Sun, yet it (hews the Appearances or 
Phenomena ariiing from thence to a Spectator, fuppofed to be 
at reft upon the Surface of the Earth, but in a forced and unna- 
tural Way. 

X ways 
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ways fuppofed to be there ; and inftead of the 
Plane we fuppofed to touch that Part of the 
Ball on which the Spc&ator Hands, and to be 
extended every way as far as the inner Surface 
of the Sphere, there is a broad wooden Circle 
on the outfide of the Globe, (which is Part 
of the Frame of it) exa&ly where that Plane 
would pais, was it continued beyond the Sur- 
face of the Globe, and fo anfwe'rs the Ufes of 
that Plane. In the next Place, inftead of the 
Circle we fuppofed fixed within the Sphere and 
pafling through the Zenith and Nadir of the 
Spe&ator, and through which the Axis of the 
Sphere paffes, there is a brazen Circle on the 
outfide of the Globe, and in which it fwings. 
And inftead of the Stars being on the inner 
Surface, they are here on the outer one, and 
.the Confte Uations are delineated in their proper 
Forms. Then $s to the Places of the Sun 
and Planets, Artificers are content to leave 
them quite out, and only draw a great Circle 
reprefenting the Path of the Sun in its annual 
Courfe through the Heavens, vix. the Eclip- 
tic, and diftinguilh it into 12 Parts by the 
Signs thereof, and each Sign into 30 lefs, which . 
are the Degrees thereof! When therefore a 
Problem is to be determined by the Globe, 
requiring that the Sun lhould be delineated in 
its proper Place, you are to look out the Place 
of the Sun for the given Time in Ibrne aftro- 
nomical Tables, Ephemeris or Almanack for 
"that Purpofe, or on the broad Surface of the 

Horizon 
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Horizon of the Globe, where there is ufually 
a Table fhewing the Sun's Place in the Eclip- 
tic for every Day of the Year, arid then to 
mark its Place on the Line which we laid re- 
prefented the Path of the Sun upon the Globe. 
In like manner, if a Problem is to be fblved 
requiring the Place of any of the Planets, the 
Place of the Planet for the Time given mull 
be looked out in fome Ephemeris or Almanack, 
of which there are many publifh'd yearly by 
'Parker, and others, for that Purpofe, containing 
Tables exprefling the Longitude and Latitude 
of each Planet for every Day of the Year; 
and marking the Place of the Planet upon the 
Globe, by flicking on a Patch, or the like, and 
letting the Index according to the Place of the 
Sun for the given Time, and turning the Globe 
about, the Index will ftiew the Time of that 
Planet's coming to either Side of the Horizon, 
to the Meridian, or to any Height above or. 
below the Horizon, &c. 

If then the Reader will form to himlelf a 
true Idea of the Machine T have defcribed, and 
of the manner in which fuch a Machine is ca- 
pable of reprefenting the apparent Motions of 
the heavenly Bodies, he cannot fail of having 
a thorough Notion of the Nature of the ce- 
leftial Globe; the main Difference between 
them being only this, viz. that what we have 
fuppofed in the one to be on the In fide, is ei-p 
ther actually on the other on the Outfide, or 

X z to 
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to be fixed on, or to have its Place marked 
there, as Occafion requires. The ufes both of 
the celeftial and terreftrial Globe, as to parti- 
cular Cafes, will be further illuftrated by the 
Inftances at the End of this Chapter, after we 
have confidcred fbme other Particulars relating 
to each. 

The Circles delineated on the celeftial Globe 
areufually, befides the Ecliptic abovemention'd, 
the Equino&ial Circle at an equal Diftance 
from either Pole, and two Parallels of it, viz. 
one on either Side, to reprefent the apparent 
diurnal Motion of the Sun, when at its 
greateft Diftance from the Equator, called 
the Tropics,; and at the like Diftance from 
either Pole, two more Parallels call'd the polar 
Circles. Both the Ecliptic and the Equino&ial 
are divided into Degrees, beginning at the 
Point that reprefents the vernal Equinox, 
which is one of thofe where they crofs each 
other; the Equino&ial into 360, but the 
Ecliptic into 1 a Signs, diftinguiflied by their 
proper Chara&ers, every one of wh;ch is fub- 
divided into 30 Degrees (#). There are alfo 
fix Secondaries, of the Equator, and as many 

( a ) As to the Divisions of the Ecliptic, it is to be obferved, 
that the Degrees belonging to each Sign are not to be found 

where the Conflellation whofe Name it bears is delineated, but 
where the Character peculiar to that Sign is placed. The Reafon 
of which is, becaufe the firft Degree or Ariet, from whence all 
the reft are counted, being where the Equinodlial cuts the Equa- 
tor, is not in this Age in any Part of the Ccnftcllation that bears 
that Name, as was accounted for above. 

of 
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of the Ecliptic cutting it in the firft Degree 
of each Sign ; two of which are alfo Seconda- 
ries of the Equator, viz. the Equino&ial and 
Solftitial Colures. Further, the Globe is fb 
hung in its Frame, that that Side only of the 
brazen Meridian which has the Degrees maffced 
upon it, paffes through the Axis of it, which 
Side only, in ail Cales where that Meridian is 
confidered, is therefore fuppofed to reprefent it. 
Upon the broad Surface of the wooden Hori- 
zon, befides the innermoft Circle divided into 
its proper Degrees, there is a Table fliewing 
what Degree of the Ecliptic the Sun is in for 
every Day of the Year, as was obierved above ; 
in order to which the 1 a Signs of the Ecliptic t 
with the Degrees of each, and the 1 1 Calendar 
Months, are fb placed over-againft one another, 
both according to the Jultan and Gregorian 
Account, that is, according to the old and new 
Stile, as that the Days of the one may duly 
anfwer to the correfponding Places of the Sun 
upon the other. There is alio a Circle, repre- 
fenting the Winds or Points of the Compafs. 

There is alfo belonging to the Globe a J£ufr* 
drant of Altitude. It is a long and narrow 
Plate of Brafs, made fo thin and plyant, that 
the whole Length of it may be applied clofe to 
the Surface of the Globe, and having the De- 
grees upon it, (a) ferves to meafure the Diftan- 

(a) That Edge, which has the Degrees neareft it, is called its 
graduated Edge, and is the only Part of it that is confidered in 
tfee ufing if. 

ces 
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ces of Places on the Globes; or being fixed 
on to the uppermoft Point of the Meridian of 
the celeftial Globe, (for which Purpofe it has 
a Screw at one End) and having the other End 
thru ft in between the Horizon and the Globe, 
meafures the Height of a Star, or other Hea- 
venly Body above the Horizon, (jjc. From 
which latter Ufe it has its Name. 

The terreftrial Globe differs from the ce- 
leftial principally, in that inftead of the Gon- 
ftellations, the feveral Countries of the Earth 
are delineated thereon ; and the Circles on this 
Globe are ufually the Ecliptic, and the Equa- 
tor, on which are numbered the Degrees of 
Longitude, {a) the two Tropics, the two po- 
lar Circles, Secondaries of the Equator cutting 
it at every tenth Degree, and Parallels alfo 
of it at every tenth Degree on each Side. 
There are alfo drawn upon it Rhumb Lines, or 
thofe which a Ship, keeping the fame Courfe, 
that is, ftepring continually in the fame Point, 
of the Compafi, defcribes upon the Surface of 
the Sea. The Property of a Line of this 
kind, is that it cuts all the Meridians it pafles 
through, under the fame Angle, and therefore 
is a kind of % Spiral continually approaching to- 
wards fbme Point. This is called a Loxodro~ 
tnic Curve. 

(a) On fame Globes, the Degrees of Longitude are number'd 
both ways from the firJft Meridian, till you come to the oppofite 
Point, and the Longitude is accordingly diftinguifhed into Eaft 
and Weil. 

The 
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The lines of Variation defcribed upon the 
terreftrial Globe, ftiew the Dire&ion of the 
magnetic Needle, in thofe Places in which it 
does not point dire&ly towards the North. 
For it is obferved, that the Needle in 
lome Parts of the World, declines from the 
North to the Eaft, and in others to the Weft. 

Further, on the Pedeftal of fome Globes 
there is a Mariner's Compafs fixed, by the help 
of which, the brazen Meridian of the Globe 
may be fet North and South, {a) 

After this Defcription of the Globes, and ge- 
neral Idea of the Ufe thereof, it may now be 
proper to exemplify the latter by the following 
Inftances. 

And firft of the celeftial Globe. 

* 

Problem I. To re&ify the Globe to t the 
Latitude of any Place upon the Sur- 
face of the Earth. 

If the Place be ip the Northern Hemifphere 
of the Earth, Hide the Meridian within the 
Notches of the Horizon, till there be as many 

( a ) The Armillary Sphere comes the neareft of any we have 
to that imaginary Machine defcribed above, for it is hollow, 
and has a Ball in the middle to reprefent the Earth ; but then 
in all other Refpe&s it is like a Globe, except that the Surface 
is cut away every where, (unlefs where a Circle is defcribed) 
that you may fee the Ball in the middle. There is one Circle 
left broad enough to reprefent the Zodiac, on which the Places 
of the Sun and Planets may be marked, as Occafion requires. 

/ Degrees 
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Degrees of the Meridian between the North 
Pole and the Horizon, as are equal to the La* 
tittide of the Place (a). If the Place be in the 
Southern Hemifphere, the Southern Pole muft 

be railed to a like Height above the Horizon. 

» 

Prob. II. To find what Stars never 
rife or never fet in any Place or La- 
titude given. 

The Globe being re&ified to the given La-, 
titude of the Place by Problem the firft, thofe 
Stars which pais not under the wooden Hori- 
zon of the Globe, during its whole Revolution, 
never fet to a Speftator in that Latitude : And 
fuch as do not come up above it, never afcend 
above that of the Spedator, and lb never are 
feen to rile. 



( a ) The Reafon of this is, becaufc to a Spectator, upon any 
Part of the Earth, the Elevation of the Pole is equal to the La- 
titude of the Place ; and the Globe is faid to be reSifad by this 
Operation, becaufe, by this means, that Point of the little Ball, 
(for fuch we muft always fuppofe to be in the middle of the Globe, 
to reprefent the Earth) that correfponds to the Place of the Spec- 
tator upon the Earth, is brought to the uppermoll Point thereof; 
smd Co the Horizon thereof becomes coincident with the Plane of 
the wooden Horizon that furrounds the Globe, and the Poles 
of the Globe having the like Situation with refpect to the up- 
permoft Point of the Ball, that the Poles of the World have 
with refpect to the Place of the Spectator; it is evident that the 
Revolution of the Globe is fitly difpofed to exhibit that of the 
Heaven*, a* it would appear to that Spectator. 



PkOb. 
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P r-obV HI. To find the Surfs P/ace U 
: /& Ecliptic* fpr any pay gipeh. 



/ ' t i 



» « 



. If? the pay gi veftt he according to the Julia* 9 
Account, <>r old Stile, then in the woodeh 
Horizon of the Globe, in the Julian Kakn* 
dar, other wile in the Gregorian, find the Day 
given j over-againft which in a Circle, which 
contains the feveral Signs and Degrees of the 
Ecliptic, is that Degree in which the Sun is in 
that Day. Though it may be found more 
accurately by an 1 Epheiperis calculated for 
that : Year. Then m the Edipdq < delineated 1 
on Jthe' Surface of the Globfe, look for the fatae 
Degree,. .and* that is the Place of the Sun upon 
the Globe ' for that Day. 






P r/o B.; IV. The, Xj&tttitd«\l>f. a. Place 
h'eing given* > to find the Tim* of the 
Sun' $ Hfing and' fitting* and confi- 
quently\ the Tjength of Day and 

-■ Night in that. Place. 

* • * 

Having re&ified the Globe according to tfte. 
Latitude, (by Trok i.) and found the SuqV 
Place in the Ecliptic (by fProb. 3.) bring the 
latter to the graduated Edge of the brazenMe- 
ridian, and holding the Globe in that Pofition, 

Y " fet 
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let the Hour Index to 1 1 at Noon ; (a) then 
turn the Globe till the Sun's place in the E~ 
cliptic comes to the caflern Part of the Hori- 
zon, and the Index will point to the Horn at 
which the Sun rifes j and if you turn the Globe 
\tiir the Sin's Place cuts the weflern Side of 
the Horizon, the Index will (hew the Time of 
its letting. 

P r o b. V. To find the Hour of the 
Day, by the Height of the Sun. 

Firft, by the Help of a Quadrant or feme 
other Inftrujneot for that Purpoie, obferve how 
n>any Pegreei the Sun .is elevated above the 
Horizon. Then the Globe being rectified ta 
the Latitude of the PUcc^and the Sun's Place 
in the Ecliptic found, and the Hour Index 
duly placed, that is, fo as to point to i a at 
Noon, when the Sun's Place is-under the Me- 
ridian ;. and. fcrcwing the Quadrant of Alti- 
tude on to the Meridian at the Zenith, (/. e.) 
at fb manyJDegrees from the Equator, as is the 
latitude of the Place. Turn the Quadrant of 
Altitude and the Globe backwards and for- 

(«) Becaufe when the Place of the 'Sun is in the Meridwn, 
theGtobe reprefaits the Pofition of the Heavens, in fefpeel: of 
the given Plaie, as they are at Noon, or 12 o'clock, of the Day' 
given. And confecmently, if the Hour Index he pot to 12, 
when the Globe is in this Pofition, as it turns with the Globe, ". 
irwfll point to the Hour that corfefpoftds with any other Pofition 
•fAtGty^lfclJa^ .!•.•■; 

wards, 
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wards, till the Surfs Flace 'in tfie Elliptic lies 
under that Degree on the graduated Edge of 
the Quadrant of Altitude, which ''anfwers tcf 
the Sun's Height found' a? abbve, then wiljl 
the Hour Index point out the IWe of the 

P r q b. VI. To find the Hour of thf 
Nighty by the Height of a Star. " 

The Height of the Star being found by an 
Inftrument, the Globe redified, and the Qua- 
drant of Altitude fixed, as in the foregoing 
Problem, move the Globe and the Quadrant, 
till the Star comes under its graduated Edge, 
at thkt Degree which' £x£refies the Freight of 
the Star above the Horizon^ ih$i? will the* 
Hour Index point t6 the Hour of tjie Night. 

P r o b. VII. To find the Place of a 
Star or Planet upon the Globe, its 
Longitude and Latitude being givem 

Lay the firft Degree df the Quadrant of AU 
titude, upon that Degree of the Ecliptic, 
which exprefles the given Longitude, and the' 
ninetieth Degree thereof on the Pole of the 

(a) JBecaufe when the Sun's Place » brought to this Point of 
the Globe, it is fo many Degrees above the Horizon, as the Sun 
itfelf is above that of the Spectator. 

Y a Ecliptic 
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Ecliptic, (that is, where its Secondaries crofs 
•each other upon the Globe) either Northern or 
Southern, as the given Latitude is North ojr 
South : Then look upon the Quadrant for th* 
pegree of JLatituqe given, and the Point of 
the Globe which is under that, is the Place of 
the Star or Planet fought, {a) 



\ 4 



J* r ob. VIII. To refirejeni the jfyftea- 
rance of the Heavens at any Time of 
, the Nighty that «,. to Jhem theSi- 
- tuation of the fixed Stars at thai 
Time, ' •'. ' ; 

" # ■ * ■ * > 

Re&ify the.Glpbe,. and f<* the Ho*f.,Wex 
to the Sun's Pjace in thf Ecliptic, and^ujpi the 
<31obe till the Index points to the Hour of the 
Night, (b) '■ 

. Prob. 

' (a) The Rajafon of this % jboputfe. tie Quadrant of Afetude 
in this Situation, reprefents.a Secondary of the Ecliptic, as, Arch 
•f which interfered between the'Star and the Ecliptic fs ifc La- 
titude ; and an Arch of the Ecliptic between the Point where it 
is infer&fted by. a Secondary paffing through the Star. an<^ the 
Srift Degree of Aries, U its Longitude, * • • • 4 • • ,/ ' ,i * 

. ( b) For then the Situation of the Stars upon thj? Glo^e, with 
refpeel to the Horizon and Meridian,' will be fimjlat jo , f hat of 
the Stars in the Heavens j vi*. 'thofe ' which appear on the 
Eaftern Side the Globe in the Horizon, will then* be rrfrng, 
and thofe in the Horizon at the other Side wjll be fetting, thofe 
which are under the Meridian, will then be culminating, &c 

And if by means of a Compafs upon the Pedeftal of the Globe, 
you fct the brazen Meridian North wd South, fo 4tot*he South 



Step. .XVctlgyi *&, QmhryV.C&c ■? a*y 

, fV- .. i.'^'J t ' . •- , i- x ," •• ». ' ■■* ' ,1J • 

" i? the-Latttit'de of'^T&teieiri/^ 

' veri> to find the hegin^f^ ^the^or^ 

ing> and End of the Evening T\vi- 




v. 



•j /: 



The tSlobe feeing re&iified to the Latitude 
of, the Place^ and the Hour Inde$ let tP- the 
Pfcfctf of {he' Sun In the Ecliptic ' elevate that 




tV ;Weft Side M 6f : the Hpiriidp; (*) arid ,th^ 
Hptir Itidek Wfi* Ihevv the' Time of Day-Wp& 



' t 




Heavens at thaqjime; fof natty cof&paipng th* Situation jejf 
t&e'Stafs upoh v the Glpb^ with tjio/c in the Heavens, .yoajnay 
dully make yfiutaf acquainted With alt'lhfc Stars, that are vi& 
ble in this Part of EWorld/ .• . ) -. ' • . \ / 

,tt the Situation of the Moon or the other planets is ,ajfp *t* 
be re^rcfented,' their Maces in the. Zodiac for that Time muftbe 
atfgned diem by Problem the laft;! their .Longitude and Latitude 
being £rft found by & Ephemeris for •Uut^urteff » ' > % • r 
" (a) Becaufe then the Place of the Son^wilf )x fo ,raany t lie* 
grees below on' the other Side, iri which %ituatrorV o? ' the 'Sun, 
w« obfcrved <abov<v tfeat the Twilight &gin>. Thc.^^adnwi 
of Altitude will ftiew when the Point op^ofite to.that'cjf {fc*. 
Sun Is \ 8 Degrees above the Horizon, If jhis be triea for any 
Time while t& $u» 4 ' palling from about the ' $th Degree pT 

S\mi*i, to the 20th 9f' Cancer, that is, from about die fc fofaotf 
tfy, to about the 7th of July, it will be iouiid that there is no > 

Beginning or End of Twilight, the Sun never being 1 8, prerees 
below Ac Hortoon {in the Latitude of London) during that Time. 
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or the Beginning of Morning Twilight. And 
If the fame Point of the Ecliptic be railed if 
Degrees above the Eaft Side of the Horizon, the 
Index will point out the Time when ►the Eve- 
ning Twilight ends. 

\ ...» 

Frob. X. To account for the Ph<eno- 
mena of the Harvefl Moon. 

• » 

About the autumnal Equinox, when the 
Moon is at or near the Fully it rifes almoft at 
the lame Hour for fe veral Nights together ; 
which Phenomenon is called the HarvejtMoon. 
(a) In order therefore to ftiew by the Globe 
how • this comes about, let lis fuppofe the 
Place of the Sun to be in the firft Degree of 
Libra, as it always is at that Equinox, and 
that, of the Moon to be in the Point oppofite 
to the Sun, or the firft Degree of Aries^ be- 
caufe the Moon muft be confidered as being at 
the Full. In this Cafe it is obvious that the 
Moon will rife when the Sun fefs, which will 
be at Six of the Clock ; becaufe both Lumi- 
naries are in the Equator and at oppofite Points. 
Now fince the Moon performs an entire Revo- 
lution in its Orbit, (which we will at prefent 
confider as coincident with the Ecliptic) in the 
Space of one Month, it therefore advances for- 
wards 1 1 Degrees each Day, and confequently 

(a) Mr. John fit* calls this Phenomena tuna autumnalis, *nd 
is the only Author that I know of that has accounted for it, 
Qaaefttanes PhilofopLEdit. zda. Page 124. 

the 
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die next Night it will be in the: 12th Degree 

of. Aries. Let us then enquire at what Time' 

the Moon will rife this Night. To this End; 

re&ify the Globe to the Latitude of the Place, 

bring the Sun's Place, which is now the fecond 

Degree of L$bra r to the brazen Meridian, and 

put the Hour Index to 12; and if the Globe 

be , turned till the Place of the Moon, viss. the 

1 ath Degree of Artes^ cuts the eaftern Side of 

the Horizon, we fhall find the Hour Index 

will point nearly to the Hour of Six, which, 

a& obfer ved above, was the time of the Moon's 

riling the Evening before. And thus if we in- 

veftigate the Time of the Moon's rifing for 

fcveral Nights together, both before and after 

the Full, it will be found much the fame in all. 

The Reafon of this is, that about the Time 

of the full Modus, which happen at this Part 

of the. Year, the Moon being in the attending' 

Signs of the Zodiac^ appears in its no&urnal 

Courfe to defcribe a Parallel of the Equator' 

one Night, much nearer the North Pole than' 

another, and fo rifes every Night more and 

more to the Northern Parts of the Horizon/ 

and that considerably, as paffing "quite from 

the Southern to the Northern Tropic in a 

Fortnight's Time. Now it is eafy to conceive 

that the nearer any of the Heavenly Bodies is 

to the North Pole, the fboner that Bcriy 

(ceteris paribus) afcends the Horizon : Thus, 

if the Body be within a little of the Circle *f 

ftYpetual Ajftarit'ton^ that Body # is no fboner 

fet but it rifes again. In every Lunation there-; 

fore 
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Ipre* while the: Moon; is.- paffing ftomi the 
Southern to thetNortherri.Tafqpid, fbme Miw 
gbies are oh that Account to. be Ideduded &oao 
thofe r by which it would rifif Jajfer and/Wben 
<fcch . Night, did the Plane of itsQrbittbinculd 
With that of the Equinodiai ; and^as much >& 
to be added while ihe patflesfrckn the Northern 
torthe Southern Trdpic. And. fbr the lilcd 
Reafon in the farmer Cafe famething is to ' ber 
added to the Time it woukftfet at; and in thtf 
fetter a like Quantity is to be \ckdu€ted 
: Now about the time of the autumnal JE- 
quinox, the Sun being then yx Libra or there* 
abbuts, the Mocfti' is in the midft of the afcen~ 
ding Signs, when at the FutL Hence it is that 
the full Moons at that Time of the Year, rife? 
fc little later the onfc than the other. 

In like manner, if any one thinks it worth > 
while to obferve it, he will find that the new 
Moons in the Spring, rile nearly at the fame Hour - 
ferfcveral Nights fucceffively* while the foil 
Moans lhall rife one later than another, by a 
greater Difference than at any other time of the 
Year* The Reaibn is, becauie at the time of the * 
new Moons, which happen at that Parr of: the 
Yean, the Moonris.ih the afcdndiflg Sigds, btkt at * 
the full, in the descending ones, (a) 

• • • - r 

, (a):}t is ^ete to,lje pfrferved, $hat tfris Ffiasjioraenoa i*no> thej 
fame as -to Degree, -in different Years; ^becaufe as the lunar 
Orbit is'indiried to At Ecliptic $ Degrees,* and the Line of its * 
NpfaJr joootmiudlyi revolting round, the inclination df tkat 
Qjtyt to the Equator ^ill>be fometimes 10 Degrees greater than 
at others. So that llje Moon does not haften to the North, or ' 
defend to th£ South in 6ch Revelation with equal Face 

Prob. 
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Prob, XI. To determine the Time of 
the Year in which a Star rifes or Jets 
Cofmicdlly, 6r Acronicalljr. 

Having re&ified the Globe to the Latitude 
of the Place, bring the Star to the Horizon on 
the Eaftern Side of the Globe, and obferve 
what Degree of the Ecliptic rifes with it* 
Look for that Degree in the wooden Horizon, 
4nd right againft it in the Kalendar^ you will 
find the Month and Day when that Star rifes 
cofmically (a). And if you, bring the Star 
to the Weftern Side of the Horizon, the De- 
gree of the Ecliptic which cuts the Eaftern Side 
of the Horizon in that Situation of the Globe, 
will give the Day of the Month when the 
faidStar fets cofmically {b)> So lijtewife againft 
tht Degree which fets with the Star*, you will 
find the Day of the Month of its Acronkal 
fetting ; and if you bring it to the Eaftern 
Part of the Horizon, the Degree off the Eclip- 
tic which then cuts the Weftern Part of the 
Horizon will be the Sun's Place when the 
Star rifes Acronkally. 

(a) For that will be the Day when the San and tfte Star rife 
at the fame time, which is its cofmical Rifing. 
\h) The cofmical fetting of a Star being its fetting at San-rift. 
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» « 

Prob. XII. To find the Time of the 
Heliacal rijtng and Jetting of a Star. 

• » 

Having re&ified the Globe to the Latitude 
fef the PIacfe r bring the Star to the Eaftern 
Side of the Horizon, and apply the Quadrant 
of Altitude to the Weftern Side in fuch manner 
that its twelfth Degree m *y cat the Ecliptic, 
if the Star be of the fitft Magnitude {a). Theft 
will the Point of the Ecliptic oppofite to that 
which is cut by the Quadrant, oe 1 1 Degrees 
below the Horizon. Look for this Degree on 
the wooden Horizon, and over-againft it you 
will have the Day of the Year, when the Star 
riles Heliacally. To find the Heliacal letting, 
bring the Star to the Weftern Side of the Ho- 
rizon, and hirh the Quadrant of Altitude about 
to the Eaftern Side,' till the 1 2th Degree of it 
cuts the Ecliptic' \ then that Degree of the 
Ecliptic /tohich is oppofite to this Pbint, is the 
Sun's Place at that Timfe df the Year when the 
Star fcts HeiiacaHy. • 

(a) Becaufe a Star of the firft Magnitude being above the Ho- 
rizon, may be feen when the Sun is 1 2 Degrees below it. If 
the Star be of the 2d Magnitude, that Degree of the Ecliptic 
jnuft be taken, which is 1 3 Degrees below the Horizon when 
ftbe Star rifes, if of the 3d, then the 14th! &c. 
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Prob. XIII. The Day of the Monti, 
the "Time of the Day, and the Lati- 
tude of the Place being given y to find 
therely the Hour of the Ddy r accor- 
ding to the Babylonif, IteHc,- and the 
Judaical Way of reckoning. - 

\. To find the Babyfynic How ( which is 
reckoned from the Titpe sf the Rifing of the 
Sun) having found the Time of Sun's riling in 
tfie given Latitude, the Number! of Hours 
between that and the Time given, is the Hbur 
of the Day according to the Baby Ionic Way 
of Reckoning. ' r 

' a. To find the Italic Hour (which is rec- 
koned from Sun fetting,) firft find the Time 
at which the Sun fets on the given Day. 4 The 
Time elapfed from that to the Time given, 
will give th£ Italic Hour fought. 

3. To find the Hour according to the Jewijb 
Way of Reckoning (one of which Hours is a 
twelfth Part of the Time that the Sun continues 
above the Horizon, and they are reckoned 
from Sun rifing,) firft find the Hour the Sun 
fcts at, , this being doubled will give the Num- 
ber of Hours the Sun continues above the 
Horizon on the Day given. Then as that 
Number of Hours is to 1 2, fo is the Number 

Z 2 of 
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of Hours fincc Sun riling, to the Judaical 
Hour required. 

Thus in the Latitude of London, when the 
Sqn rifts at 4 of the Clock and fets at 8 ; if the 
Hour given be 5 in the Evening, the Baby Io- 
nic Hour will be the 13 th, the Italic the 
sift, and the Jewt/b Hour witf be Nine *nd 
three Quarters, 

Pro?, XIV. To find the Place of any 
of the Heavenly Bodies upon tb$ 
Globe, from their fight Afcenfion 
pnd Declination* 

9 

Bring that Point of the Equator which e** 
prefles the right Afcenfion given, to the brazen 
Meridian, and look upon the Meridian towards 
the North or South Pole, according as the De- 
clination is North or South, for the Degree of 
Inclination given, under which is the Placf 
fought (a). 



(a) For in this Cafe the Meridian is made to represent a Se- 
condary of fhe Equator palling through the Place, an Arch of 
which lying between the Place and the Equator is the Declina- 
tion, and the Diftance between the Place of the Equator through 
which it pafies, and the firft Degree of Jruj, is the rig£; Afcen- 
fion. 



Of 
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Of the Terreftriai Globe. 

P r o b. XV. From the Longitude and 
Latitude of a Place*, upon the Sur- 
face of the Earth being given^ to 
find the Place upon the Globe. 

This Problem is much the lame with the . 
tail, only inftead of the celeftial, we ufe the 
terreftriai Globe; and inftead of reckoning 
the Longitude from the firft Degree of Aries ^ 
the Point from which right Afcenfion is rec- 
koned, it muft be counted from the firft Me- 
ridian. 

Bring the Degree of the Equator, which 
numbers that of the Longitude given, to the 
brazen Meridian, upon which count towards 
the North or South Pole, according as the 
Latitude is North or South, till you come to 
the Number of the Latitude, under which is 
the Place fought, (a) 

fa) In fomc Globes, the Degrees of Longitude are numbered 
both Ways from the firft Meridian, till thev meet in the oppo- 
se Point, and the Longitude is diftinguifhed into Eaft and Weft 
as obferved above : In fuch Cafe it mnft be known which Kind 
the given Longitude is o£ 



Pro a 



» 



tyS. The DefcrintioQ and Ufc Part IV. 

Pro?. XVI. To dttermin* tb$Difference 
of Time in different * Places* 

Find, the. Longitude of each Place, by the 
Cpnverfe of the laft Problem, and reduce the 
difference, into Time ; which is 'done by al- 
lowing on Hour for evefy 15 Degrees, and fb 
proportionably for leffer Parts, the Number 
of Hours/ &c. thus found, will be the Difference 
between the. Time of the Day at one Place, 
and that at the other (a)> > 



• ♦ . 1 



Prob; XVII; To [find 'the. DiJIance be- 
tween two given Places^ and the 

\ .ji&ngk of % Pofiiion^ that £r, the Bear- 
ings of { them, x: or ^the Situation of 

\ one. from ' the ##f ^j \ <tfoith fefpeB to 

. . tmPMntf of tketSompafs, 

Re&jfy the Globe to tJie JLatitudo of one of 
the Places, and bring that Place to the brazen 
; then fix the Quadrant of Altitude 



(*) The Kpafon of this is, feecaufe as the Earth by taming 
round its Axfs, brings all Placb to the Sun once in 24 Hours ; 
that Place which lies 1 5 Degrees to the Weft ward of another,' 
comes to it an Hour later than the other; and fo the Inhabitants 
of this Place are an Hour later in their reckoning of Time than 
auhe other Place. And the contrary holds of fuch as live to- 
wards the Eaft. 

to 
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to the upper moft* Pbiftt of the Me*idiiriran<i 
putting the lower End*6f it between the^Mo-* 
rizon and the Globe, ifidfc it about t& k p4Ses 
through the other Placed and the Number of 
Degrees upbrt the Quadrant between Place and 
Place, turned into Miles by reckoning 60 to 
feach Degree, will giVfc the Diftance between 
them; and^ the Number of Degrees upon the 
HorizcJri,- between the Meridian and the Foot 
of the QuaS tent, will give the Bearing of the 
Second, or r its Situation from the firft, with 
refpeft to the Points of the Compafc. 

V r o b: XVIH. Tv find a Meridian 
Line> partly by the Help of the 
celejlial Globe. 

Set the Hour Index to the Place of the Sun 
in the Ecliptic, and turn the Globe till the 
Pole Star, that is, the Star which is the neareft 
the Axis of the Globe, comes under the Me- 
ridian, either above or below the Pole; above, 
if you find that the Index in that Situation of 
the Star, points to one: of the Hours of the 
Night, otherwiie below; and mark what 
Hour the Index points to. Then at that Hour 
of the Night hang up two Plummets, letting 
their Weights hang in Water to prevent their 
vibrating, in fuch manner that the String of one 
of them may be dire&ly between the Pole Star 
and the String of the other. Then will a Line 

drawn 
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drawn from one String to the the other* or the 
Shadow of the one when it falls upon the other, 
be a Meridian Line. And this I take to be a much 
more accurate, as well as an eafier Method, than 
the common one of fixing up a Pin upon a Plane, 
drawing a Circle about the root of the Pin, add 
obferving where the Extremity of the Shadow 
of that Pin enters the Circle in the Morning 
and goes out of it in the Afternoon, and draw- 
ing a Line from the Foot of the Pin through 
the middle Point between thofc Places for a 
Meridian Line. For this latter Method re- 
quires more Care and Trouble to do it accu- 
rately, than they who have not tryed it, would 
imagine. 



1 1 
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CHAP. XVI. 
Of the Equation of Time* 

WHereas Time conftantly pafles on with 
an uniform and regular Flux, it is evi- 
dent there is no poffible Way accurately to 
meafure and compare the feveral Intervals of it 
one with another, but by the Motion of fome 
Body whofe Progrefs is as uniform and regular 
as itfelf. To this End it was natural to pitch 
upon the Sun, whofe Motion is obvious to all, 
and feemingly regular enough for that Purpofe. 
But by the Circurofpedion and accurate Ob- 

fcrvatbra? 
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fefvations of Aftronomers, it is difcovered not 
to be fo ; and that neither the Days, ndf even 
the Hours themfelves, as measured by the Mo^ 
tion of the Sun, are of an eijfcal Length. And • 
this upon two Accounts, as Will appear from 
the following Corifiderations. 

I. A natural Day, or 24 Houirs, is that in- 
terval of Time, in which the Sun feems to 
pais from the Meridian of any Place to the 
lame again : Had therefore the Earth no Mo- 
tion but about its own Axis, arid confequcntly 
the Sun no apparent one along the Ecliptic; 
all the Days would be of an equal Length, a& 
depending only on the Motion of the Earth 
about its Axis, which is uniform: But fince 
the Earth is conftantly moving in its Orbit, 
the fame Way it turns about its Axis, the Suri 
is always in appearance advancing forwards. 
When the Earth therefore is turned roufid; 
and a Spe&ator upon its Surfacd brought again 
to the Place he was at the foregoing Day at 
Noon, it is riot yet Noon with him, the Sun 
in appearance having advanced to the Eaftward 
in the mean time ; fo that the Spe&ator mull 
be carried farther ftill, viz. fo many Degreei 
as the Sun has advanced that Way, before hi 
can be brought to the Meridian the S6n is 
in (a)r. Now by Reafon of the unequable arid 

(a) This is the Reafon that the Length of the Day is not 
exaclly equal to the Time, in which the Earth performs its Ro- 
tation about its Axis, which is, as was obferveb? in Note (f) f 
Chap. I. but 2*3 Hours 56 Minutes and 4 Seconds. 

A a Irfeguiat 
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irregular Motion of the Earth in its Orhit, or t 
the irregular apparent Motion of the Sun aJopg 
the Ecliptic depending thereon, the Number 
of Degrees the Sun advances Eaftwards each 
Day, is fometimes greater and fbmetimes lefs ; 
and confequently, upon this Account, the Days 
muft differ one from another in Length ; and 
therefore the Hours alio, (ince each Day is fup- 
pofed to confift of a 4, be it long or fhort. 

II. Was the apparent Motion of the Sun 
through the Ecliptic uniform and regular, yet 
as the Ecliptic is oblique to the Equator, and 
therefore equal Portions of the one do not 
correfpond to equal Portions of the other ; the 
Motion of the Sun, when referred to the Equa- 
tor, would not be uniform ; or, which is the 
fame Thing, thole Points of the Equator 
which come to the Meridian with the Place of 
the Sun on different Days, would not be at 
equal Diftances one from another ; (a) which 
as to the Time of the Sun's appearing in the 
Meridian, or its (hewing the Hour of the Day 
Upon a Dial, is the fame as if it had an irregu- 
lar Motion along the Equator; and therefore 
muft caufe it to render the Days unequal among 
themfelves. 

As thefe Caufes are independent of each 
pther, they fbmetimes confpire together ; fbme- 
times they are contrary the one to the other. 

(a) This is eafily tried upon a Globe, where if we bring 
every tenth Degree of the Ecliptic to the brazen Meridian, we 
fhall find that each tenth Degree of the Equator, will not come 
ihithcr with it. 

The 
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The Time which an uniform Motion would 
mark out, is called true Time; and that which 
is indicated by the Sun, is apparent Ttme ; and 
the Difference between thefe is termed the EZ- 
quation of Time. When the abovementioned 
Caufefc have continued for fbme time,' to render 
the apparerit Motion of the Sun too quick or 
too flow, this Difference is conGderable* 
About the 13 th of OBober, it is the greateft 
of all; at which Time the Sun is 16 Minutes 
and 1 1 Seconds t6o faft. 

<^W*W«»1— »*»——»« ■ ■ I ■■ H I — — — — — ■— I > >*— — f^— » 
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C H A P. XVII. 
Of the Divifion of Time. 

1 

- 1 

XH E fcveral Parts of Time <are princi- 
pally diftinguHhed by Days, Hours, 
s y Months, Years, Cycles, Periods and 
>Eras. Of which in their Order. 

By a Day, according to the moft natural and 
obvious Senfe of the Word, is meant that 
Space of Time during which it continues to 
be Lfaht, and thus is oppofed to that wherein 
it is £>ar^ which is called the Night. But 
this Space of Time being fomewhat vague and 
.indeterminate, the Time between the Sun's 
Riling and Setting is ufually looked upon as 
the Day, and the Time which lapfes from its 
Setting to its Rifing again, the Night. 

% A a a But 
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Bat the Word Day is frequently taken in a 
larger Senfe, fo as to include alio the Night; 
and to denote the Time of an whole apparent 
Revolution of the Sun round the Earth. In 
this Senfe it is called by fome a natural Day, 
and by others an artificial one ; but what fome 
call the Artificial, others call the Natural To 
avoid which Confufion, it is ufual to call it in 
the former Senfe, fimpiy the Day, and in the 
latter a Nucbthemeron \ by which Term that 
Acceptation of it is aptly denoted, as being a 
Word that implies both Day and Night {a). 

The Nucbthemeron is divided into 24 Parts, 
called Hours, which are of two Sorts, Equal y 
and Unequal or Temporary. The common 
Divifion of the equal Hour is into Halves and 
Quarters : But Aftronomers, and thofe who 
are more accurate in their Account of Time, 
divide the Hour into fixty Parts, ceiled Mi- 
nutes, and thefe again into fixty Parts called 
Seconds, ftSc. And here we may obferve, that 
the Word Minute is taken in a double Senfe, 
either to denote the fixtieth Part of an Hour, 
and is therefore by Way of Diftin&ion fome- 
times called an Horary Minute; or elfe to fig- 
nify the fixtieth Part of a Degree, in which 
Cafe it may be called a graduary Minute, or 
Minute of a Degree. 

Different Nations and People begin their 
Day at a different Hour. Thus the Egyptians 

i 

(a) A Greek Compound of tu* Nigbt, and »/*tp* Day, 

began 
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began, their Day at Midnight ; from whom 
Hipfarchus introduced that Way of reckoning 
into Aftronomy, and Copernicus and others 
have followed him. But the greateft Part .of 
Aftronomers reckon the Day to begin at Noon, 
and fo count 24 Hours till the Noon of the 
next Day, and not twice twelve, according to 
thg vulgar Computation. 

The Method alfo of beginning, the Day at 
Midnight prevails in. Great- Britain, France, 
Spain, and moft Parts of Europe. 

The Babylonians began their Day at Sun- 

riling, reckoning the Hour immediately before 

its Rifing again, the 24th Hour of the Day* 

. From whence the Hours reckoned in this Man- 

per are called the Baby Ionic. 

In (everal Parts of Germany, they begin 
their Day at Sun-fetting, and feckon on till it 
fets the next Day, calling that the 24th, Hour. 
Thefe are ufually called the Italian Hours. 

The Jews alio began their Nucbthemeron 
at Sun-letting, but then they divide it into 
twice twelve Hours as we do, reckoning 1 2 
for the Day, be it long or Ihort, and 1 1 for the 
Night (a). So that their Hours continually 

(a) According to this Way of reckoning, the Hours of the 
Day mentioned in Scripture are to be underftood. The Jews 
alfo divided the Night into fbj&r Quarters, called Watches, each 
Watch containing three of their Night Hours. And diftinguifhed 
them fometimes according to the Order of their Succeffion. Thus 
we find in Scripture Mention of the fecond, third and fourth 
Watch, fometimes the firft Watch was called the beginning of the, 
Watches \ the fecond, the middle Watcb> as not being ended till 
Midnight ; and the fourth, the Morning Watch. The firft alfo 
was. fometimes termed the Evening) the fecond Midnight ; the 
hird, the Cock- crowing ; and the fourth, the Dawning of the Day. 

yarying 
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raryiag with the Length of the Day and 
Night, the Hours of the Day were longer 
than thofe of the Night one half of the Year, 
and the contrary the other. From whence 
their Hours are called Temporary: Thefc at 
the Time of the Equinoxes oecome equal, be- 
eaufe the Days and Nights are fb then. The 
Ramans alfo reckoned their Hours after this 
Manner, as do the Turks at this Day (a). 

A We&k confifts of the leven Days in moft 
Countries, called after the Names of the Pla- 
nets as above. But becaufe Bafler Week 

(a) This kind of Hours are alfo called Planetary, becaufe 
the feven Planets were anciently looked upon as prendine over 
the Affairs of the World, and to take it by tarns each of thefe 
Hoars, according to the following Order, Saturn fab, then 
Jupiter, Mars, the Sun, Venus, Mercury, and laft of all the 
Moon. Hence they denominated each Day of the Week from 
that Planet whofe Torn it was to reign or prefide the Jirft Hoar 
of the Nucbtbemtron. Thus affignine the firft Hoar of Saturday 
to Saturn, the fecond will fall to Jupiter, the third to Mars, 
and fo the twenty-fecond of the fame Nucbtbemeron will fall to Sa- 
turn again, and therefore the twenty-third to Jupiter, and the 
laft to Marj. So that on the firft Hour of the next Day, it will 
fall to the Sun to prefide. And by the like Manner of reckon- 
ing the firft Hoar of the next will fall to the Moon, of the next 
to Mars, of the next to Mercury, of the next to Jupiter, of the 
next to Venus, Hence the Days of the Week came to be dif-. 
tinguifhed by the Latin Names of Dies Satumi^, Sjlis, Lunar, 
Martis, Mercurii, J wis, and Veneris ; and among us by the , 
Names of Saturday, Sunday, Monday, Tue/day, Wcdntfday, 
Tburfday and Friday. For, as Saturday, Sunday and Monday 
plainly denote the Day of Saturn, the Sun and the Moon ; fo 
Tue/day, Wednefday, Tburfday and Friday, denote the Day of 
Tuifco, Woden, Tbor and Friga, which are the Saxon Names 
refpecKvely anfwering to Mars, Mercury, Jupiter and Venus. 
Weir% Chronol. Chap. II. 

was 
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was formerly efteemed the firft or principal 
Week of the Year, and each Day thereof 
was a Feria . or Holy day ; hence the fe veral 
Days were, diftinguiflied among the primitive 
Chriftians* by the Names of Feria prima, fe* 
cunda, &c. that is, the firft, fecond Holyday, 
H$c. But the ^Sunday, or Feria prima, was 
otherwife ftiled by them the Lord's Dap, as 
being the Day ot our Lord's Refurre&ion (a). 

Months are diftinguiftied principally into 
two Sorts ; viz* Solar and Lunar. The Solar 
Month is either Agronomical or Civil (b). The 
Lunar Month is divided into Periodical, Syno* 
dkal and Civil. The Aftronomkal Solar 
Month i§ the Time the Sun takes up in palling 
through one of the Signs of the Ecliptic. 

The Periodical and Synodical lunar Months 
have already. been obferved ; the former to be 
equal to the Revolution of the Moon about 
the Earth, viz. 27 Days 7 Hours and 43 Mi- 
nutes j the latter, the Interval of Time that 
lapies between two fucceeding Conjundions of 
the Moon with the Sun, viz. 29 Days, i-a 
Hours, 44 Minutes and 3 Seconds. 

(a) Tbt Hebrew Word which in the old Teftament is ren- 
dered Week % fignifying a Collection of feven, is there fometimes 
ufed for feven Years ; and in Conformity thereto, our Engtijk 
Word Week m thofe Places moll be underftood to imply not a 
Week of Dap, but a Week, or Syfiem ef feven Years. 

(b) A Month or Year is denominated Civil, from i*s being 
of common Ufe in any Republic or Society of People. 

' Now 
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Now becaufe in common Ufe it would be 
inconvenient to have the Months to confift of 
odd Pieces of Days ; it was ufiial among the 
Jews, Greeks and Romans, (till Julius Cafar 
made an Alteration) in order to adapt their 
Months to the apparent Motion of the Sun, 
to have their Months confift of 29 .and 30 Days 
alternately, one of thefe Numbers being about 
half a Day above, and the other about half 4 
Day lefs than the Synodical Month ; fo that 
by this Means the fame Appearances of the 
Moon would happen nearly on the fame Day 
of the Month for a long Time together. This 
Month thus adapted to the laft mentioned 
lunar Month, is called the Civil lunar Month ; 
and is ftill made ufe of by the ' Turks* 

The Egyptian Months confiftcd of 30 Days 
each, 12 of thefe make a Year wanting 5 
Days, which they added to the End of the 
Year, and from thence called them Epagoraenas, 
or Supplimental. 

Now becaufe 12 civil lunar Months want ir 
Days of a Year, it is evident that the feveral 
Seafons of the Year muft in Time fall upon 
-different Months; to prevent which, Julius 
Cdfar ordained, that the Month fhould not 
be taken from the Motion of the Moon, but 
from that of the Sun; that they fhould confift 
alternately of 30 and 3 1 Days, and that Fe* 
bruary fhould contain ap, and every fourth 
Year 30. , But it happened afterwards that the 
Name of the fixth Month, which was formerly 

Sextilis f 
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Sextilisy was in Honour of the Emperor Au- 
guflus changed for that of his, as that of the 
foregoing Month JZuintilis had before been, in 
Honour of his Father Julius j and therefore 
fince this Month confided but of thirty Days 
according to the Inftitution of Julius Cafar y 
one more was added to it ; to make it equal to 
the foregoing one, that the Honour paid to the 
Son might not feem to fall Ihort of that which 
was paid to the Father. Upon this, the next 
Month, viz. September, was reckoned but 30, 
the next 31, and lb on; that the alternate Or- 
der abovementioned might not be deftroyed, 
till January, which, according to that Order, 
, ought to have had but 30. But this Month 
being fo named in Honour of Janus, the 
God of Time, it was though improper to rob 
the God of a Day, wherefore February was 
reduced to a8, and every fourth Year to ap. 
And fo the Months came to ftand as they are 
in our Calendar, from whence they are called" 
Calendar Months. Thefe are properly civil 
Solar Months. 

The principal Divifion of the Year is alfo 
into two kinds, viz. Solar and Lunar ^ each 
of which are again divided into Agronomical 
and Civil. 

The Aftronomical Solar Year is of two kinds, 
viz. Tropical and Sydereal The former is the 
Space ot Time which lapfos while the Sun ap- 
pears to move from either of the Soltitial or 

B b Equi- 
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Equino&ial Points to the fame again. . Now . 
by . Reafbn of the continual Preceffion of the 
faid Points, whereby they do as it were meet 
the Sun, this kind of Year is fbmething lefs 
than the Sydereal one \ which is the Time in 
which the Earth performs an entire Revolution . 
in its Orbit, or in which the Sun feems to pals . 
from any fixed Star to the fame again. The 
former confifts of 365 Days, 5 Hours, 48 Mi- 
nutes, and 57 Seconds; the latter of 365 Days, 
6 Hours, 9 Minutes, and 14 Seconds, and is 
alio called 'Periodical, or Anornal'tjlkal. The 
Aftronomical Lunar Year confifts of 1 2 Syno- 
dical Months ; and is therefore 354 Days, 8 , 
IJours, 48 Minutes, and 36 Seconds. 
. The Civil Lunar Year is alfo of two kinds, 
vtz* moveable and fixed \ the moveable civil 
Lunar Year confifts of ia civilXunar Months, 
which being but 354 Days, fells fhort of a Year 
by 1 1 Days, fo that the beginning of this Year 
varies with refpe& to the Scafons, till it runs 
through them all, which it does in about 31 
Years Time ; and from hence it is denomina- 
ted Moveable, or the wandring Lunar Tear\ 
As the Turks now make U& of the civil Lunar 
Month, lb they alfo do . of this civil Lunar 
Year. 

In order to render this kind of Year fixed, 
that is, to prevent the Seafohs from fhifiing 
from one Part of it to another, the Greeks, 
and the Romans, till Julius Cafer's Time, af- 
ter, every three Years added a Month of thirty- 
three 
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three Days, which they called Embolimaus^ or 
the Intenaiary Month, 

But becaufe this Method is not fufficient, 
(for the civil Lunar Years fall fhort of the 
Afeonomical Solar Years above 11 Days,) 
others adapt fuch Iritercalatians fc> them as do ill 
a manner render the beginning of them fixed 
to the fame Part of the Solar Year. Hence 
thfcfe Years properly intercalated are called fixed 
Lunar Years, as alfb from their Dependency 
on the Motion both of the Sun and Moort, 
Lufti-Solar Years. Years of this kind are ufed 
by the Jews, and the Clergy of the Church 
of Rome in their Ecclefiaftical Affairs. 

The civil Aftrohomical Year is alfb either 
moveable or fixed. The moveable one was in 
Ufe among the Egyptians, arid is from thence 
called, the Egyptian Year. It corififted of 36c 
Days, and therefore fell fhort of the tropical . 
Year, with which all the Seafbns return, near 
fix Hours ; fo that four fuch Years are lefs than 
four Aftroriomical Solar ones, by alrtfoft a whole 
Day, and therefore in 1460 Years, the begins 
ning of the Year would jpafs through all the 
Seafbns. 

. Although the Romans did not ufe this kind 
of Year, yet theirs, taking one Year with anb* 
ther, was of the fame Length (*a) ; Julius C>-» 

» 

r 

(a ) For having as obferved above, fix Months of 29 Days 
each, and fix of 30, and an Intercalary Month of 33 Days, at 
the End of every third Year ; their Years confifted one wkji 
another of 365 Days. 

B t> \ fa? 
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Jar therefore to fix this Year, when he re&ified 
the Calendar, and threw out the civil Lunar 
Months, to make up the fix Hours which this 
Year wants of the true Aftronomical Solar Year, 
and with which only the Scafons keep pace, 
ordered that every fourth Year fhould h^ve an 
intercalary Day, /. e. that a Day fhould be ad- 
ded to the Calendar, over and above thofe it 
■contain'd the other three, or that every fourth 
Year fhould contain $66 Days. Hende it was 
that as we obferved above, February cjoje to 
have ap Days every fourth Year. But he did 
not add it to the End of the Month, but or- 
dered that the fijeth of the Calends of March, 
which according to our way of Reckoning is 
the 24th of February, fhould be reckoned 
twice. Upon which Account that Year was 
wont to be called Btjfextilis, and is ftill re- 
tained by us under the Name of Leap Year. 
£rom hence, Years reckoned after this Manner 
five called Julian Years, 

But hoover the Year was not rendered fixed 
by this means, for it was now too long by 
about eleven Minutes, and therefore varied 
from the Sun about a Day in 1 3 1 Yejrs. So 
that from the Time of the Nicene Council, 
(in which the Rule was eftablifhcd for the Time 
of celebrating Eajier) to the Year 158 a, in 
which Pope Gregory the XHIth undertook a 
farther Reformation of the Calendar, there 
was found to have rofe a Variation of 1 o Days, 
tfie vejnal Equinox being obfqryed to fall on 

the 
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the nth of March, which at the Time oF thfc 
Nicene Council, fell on the a iff. The Pope 
therefore in order to bring hack the Equinoxes 
to the Time of the Year they fell upon at the 
Time of that Council, took thofe ten Day* 
out of the Kalendar by ordering the jth df 
October 158a, to be reckoned the 15th, which 
ncceffarily removed the following Equinox from 
the nth to the 21ft of March. And to pre* 
vent the Seafons of the Year from going back- 
wards for the future, he ordered that every 
hundredth Year, which according to the Form 
inflituted by Julius Ctefar, was to be a Bif- 
fextile or Leaf Year, fhould be a common on,e, 
and confift only of 365 Days, but that iince 
too much would be taken away by this Means, 
every fourth hundred Year fliould remain Eifi* 
fextile. 

This Method being eftablifhed by Pope 
Gregory, is called the Gregorian Account, or 
the New Stile, as being new in companion of 
that eftablifhed before by Julius C^efdr, which 
is now called the Old 9 , and is observed in ail 
Places where the Papal Authority is acknow- 
ledged ; as alfo, towards the End of the laft 
Century was received by many of the reform* 
ed People in Germany. In Gnat-Britam 
and Ireland, and in fome reformed Nations of 
the Northern Parts of Europe, the old Ju&dfi 
Form is ftill retained. But above an hundred 
Years being now lapfed fince the abovemen* 
tioned Reformation of the Calendar, and the 

hundredth 
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hundredth Year not being made a common one, 
as in the Gregorian Method ; the Gregorian 
Account differs now from the Julian one Day 
mote than it did at its firft Inftitution ; fo that 
that Day which according to the Old Stile is 
the firft of the Month, is the iath of the fame 
according to the New. 

As the Form of the Year in different Nations 
is various, fo alfo is the Beginning of it Thus 
the Jews begin their Ecciefiaftical Year with 
the new Moon of that Month whole full 
Moon happens next after the vernal Equinox:. 
The Church of Rome, with the Sunday that 
jails upon the faid full Moon, or that happens 
next after it \ 4 that is, with the Fcaft of the 
Refiirre&ion of our Lord. The Grecians be* 
gan theirs with the new Moon that happened 
next after the Summer Solftice. And the Ro~ 
mans anciently began theirs with the new 
Moon next after the Winter Solftice. The 
Venetians, Florentines, Tifans in Italy, and 
the Inhabitants of Triers or Treves in Germany, 
taake the vernal Equinox the Beginning of 
their Year. The ancient Clergy made the 25th 
oV March, or the Feaft of the Bleffed Virgin, 
the Beginning of the Year j which Method 
the Church of England ftill retains ; and ac- 
cording to our Law the Year begins here too, 
though in Things that do not require a legal 
Date, we, with the neighbouring Nations, 
look upon the firft Day of January to be the 
Beginning of the Year. 

— •*■. The 
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The Terjians ftill retain the Egyptian Year, 
and the Period in which the firft Day of it 
paffes through all the Sealbns of the Aftrono-* 
mical Solar Year, viz. 1460 Years, they call 
the Sotbiacal Teriod, ox great Dog-Star Tear ; 
as being reckoned to begin in that Year in 
which the Dog-Star (or Sot his) rifes Heliacally 
on the firft fiay of the Month Thoth^ which 
is the firft Day of their Year. 

A Cycle is a continual and fucceffive Revo- 
lution of a certain Number of Years. The 
Cycles are four, viz. the Cycle of the Sun, the 
Cycle of the Moon, the Cycle of Dionyfius, the 
Cycle of the Indi&ion, 

In order to apprehend the Foundation and 
Nature of the Cycle of the Sun, it muft be 
obferved that to each Day of the Year is align- 
ed in the Calendar, feme one of the firft fe- 
ven Letters of the Alphabet A, B, C, D, E, 
F, G, the firft Letter A being affixed to the 
firft Day of January, to the fecond B, and fo 
to G. After which the Letters are repeated 
again in the fame Order, A falling to the 8th, 
B to the pth, 3fc. By which means, becaufe 
the common Year contains 52, Weeks and one- 
Day over, the laft Day of December has alfo 
the Letter A affixed to it. The Letters being 
appropriated in this manner to each Day of the 
Year, it follows, that which ever of the Letters 
belongs to any particular Day in the firft Week 
of January > that Letter will belong to the 

lame 
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ianpe all the Year long. But fince the fame 
Letter, vix. A, is affixed to the laft, which 
is affixed to the firft Day of the Year, it 
is obviow, that at the End of one Year 
and beginning of the next, two fuoceed- 
ing Days will halve the lame Letter A ; 
fo that if Monday had m A the laft Year, 
Ttefday has it this^ and Monday the G : And 
therefore the Letters will move backwards 
with refpeft to the Days of the Week ; for 
Inftance, that Day which has G one Year, will j 

have F the next, after that E, then D, and fo \ 

on to A ; and confequently the fame Day wilt 
run through the feven Letters in feven Years 
Time. But before the feven Years are expired > 
a Leap Year will intervene, having one Day \ 

more than common, which Day is added at the 
a4 th of February (a), and has the lame Letter 
that the 24th has, fo that in this Cafe, as there 
was a Change or Regreffion of the Letters, 
with refpe& to the Days of the Week, upon 
the Account of two Letters coming together at 
the End of one Year, and the beginning of the 
next, there will be another like Change in 
February alfoj and therefore, as in the former 
Cafe, the fame Letter would have run through 
all the Days of the Week in feven Years ; 
this feeond Change happening once in four 

(a) Some fay it is added after the 28th, and that it has the 
fame Letter with that From this Uncertainty there arifes a 
Difficulty in fixing the Day of the Celebration of the Feftival of 
St. Matthias, which has occafioned a great Difpute among the 
Learned. 

Years, 
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Years, the Gottffe of the Letters is fo oft in- 
terrupted, that it does not become the fame 
again; till after four times 7, or 2 8 Years. 

Thus$ fuppofe a Leap Year begins with a 
Sunday, it will' end with a Monday ; irt " 
which Cafe, A and G will be the Dominical 
or Sunday Letters, becaufe A is appropriated 
to the firft of January^ and G to the 30th of 
December : But fueh another Year cannot re- 
turn till after a 8 Years, as any one that trie* 
will readily find^the Confequence of which 
3s, that thofe two Letters cannot be Sunday 
Letters again in one Year, till after that fpace 
Of Time. And becaufe the lame Sunday Let^ 
ters do return after every a 8 Years, that Terra 
is called the Cycle of the Sunday Letter, of other- 
wife, though not fo properly y the Cycle of th 
Sun (a). 

The Cycle of the Moorf is a Revolatioix 

ip YeaM; after which Time, a£ was anciently 
fuppofed, the new and full Mobtfc would fall 
tipon the fame Days of the Year again (£). 
Thfc Cycle rs therefore of great Note in did 

(«) The ninth Year before oar Saviour's Birth, was the firft 
4f this Cycle ; frank whence may eafily be known what Year 
©f k the prefent is. The .firft of thi| Cycle }s always Leap Year, 
and has for its Dominical Letters G and F. And the Letter A 
Si as already obferved, always affixed to the firft Day of January* 
From which Data may at any Time.be computed what is the 
Sunday Letter for the prefent Year, and from thence what Day 
of the Week each Day of the Year falls on. ' 

(I) This Is alfo called the Mtknic Cycle from Meton, the 
Author of it. 

C c Chriftkri 



*$6r . Of the Bitifion 4 Tfatnft 

Chriftkn Ghwcfy a MfthfcJ ftwnded upor> && 

Sapfcofitiwv being eftabli&edi b#, thp ^N% 

erf the Afo#f* GwqtiM* &* finding, tbq Tijtt£ of 
odebrajing ££/?«% and the other moy#£>ie 
Ftaft? of the Churtb, for anytime tQ ;<***& 
Irvwder to uodfcrft«id; which, we muft *&* 
ftrrs, that as the Chriftim Ifoflfaver, ot Feftfc> 
valtrf Eaflir, f£cceeded the Jewifi?. Qtjp* fh$ 
Tim* of its Celebration was regulated b# ti#t 
upon whieh the; Jewifi? rJteflbVcr .was atiijtsji** 
ftitution, by God himfelf appointed c q bftjcepfc 
which was on the fourteenth Bay of.thftlfirifc 
Month, according to the manner of wfcQms& 
among the Jews> Exod> n* Now.the^jwijk 
Months being, Lunar ones, each Month begw 
upon the Pay of the new Moon, or hOweves 
at the Time of its' Heliacal rificg, and f(? ttw 
fall Moon fell upon the fourteenth q£ eggb 
Month. And further, that Month was called 
the firft of the Year, whbfeifottMo^Uojr.fQUr^ 
teenth Day, either fell uppn the vernal &ypr I 
nox, or was; the firft that- fuofcedfld ' fc; Afld 
at the Time of the Nkene Council, w«f © 
the Rule for finding Eafterv*&dt*^xfy±lfa 
Equinoxfell, or was thought to fall, on the 
aift of March. But becaule.our.Ssyiflttr's 
Refurreftion, which the Feftival of Eafier is 
defign'd' to commemorate, happened ,on a Sups 
day 9 it was ordered that it fhpuld not be kept 
on the full Moon, but the Sunday follqvvirlgr 
Accordingly the Rule then, $ft*bUfljed for find- 
. ing Eafier y and which is #iU made ufe of by 

" } the 
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tli^GH Wdh^ flfife thus ; Eafter-Day is always 

tto$pQ^*Y r ifa which 

%#&#(* 'next after the One j andtwehththD^ 
^ 4fefdi^ Md if the full kfwn happen* Hj^ 
qu a Sunday, Eafter-Day is the Sunday 'after. 
r; The Foundation of the Rufe being thus ex- 
jtfakied^ it remains now to Ihefa the Meaning 
rf^v which is not Jo obvious as at firft Sight 
fcip^irs to be, 

• tt.fotb be obferved then, that ih order toftij! 
o& what Days of the Year the new and fell 
&foori$ wotlld happen for the TKme to coring 
the aribierit Methdd was to obierve on what 
Day of feach Month, the new Moons fell in 
each Year of the Moon's Cycle, and" to thfe 
fijd Dayi fefpe&Vely to fet the Number of the 
Year iri their Calendar. Thus, obfervmg that 
the new Moons in the firft Year of the Cycle 
fell on January the i^ February 21, March 
ij, SJc. tb thofe Days they affixed the Nufo- 
t>ef 1 . And in like manner observing, that, in 
the fecorid Year, they fell on January is, 
February 16, March 12, "6fc. to each of theni 
they put the Number a ; and fo for each 
Year of the Cycle. And on Account of their 
great Uiefalnefs, or^becauft they -were wrote 
in Letters pf Gold, the Number thus fet to 
the Days on which the' new Modns fell, were 
called the Golden Numbers (a). 

fa) In the Table for finding Eajler for ever in fome Common 
Prayer-Books, they are ftiled Prime Numbers, probably as being 
placed in the Prime or firft Column of the Calendar. 

C c 2 The 
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The Numbers being thus affixed in the Ca^ 
lendar, it is only looking for the Gplden Num- 
ber of apy Year j and over-againft it ypu have? 
the Day in each Month of that Year, in which 
the new Moon happens. 

Thus, at the Time of the Ktcem Council 
the Time of the new Mopn's might be accu- 
rately enough found, but not $t this Time, bc- 
caufe the new Moons do not happen at the 
feme Time of the Year every 1 9 Years, but 
fall fiiort an Hour and half, Vfhich in 394 Years 
cpmes to a Day, lb that now the new and full 
Moqns f^ll almoft 5 Days {boner than they are 
fhewn to do by the Golden Numbers, affixed 
to the Calendar. 

However^ as no proper Authority has inter- 
vened to alter the Method of finding the Eafier 
full Moon \>y the Golden Numbers, eftabiifh'd 
at the Nicene Council, that Method is flill re- 
tained in the Church, And therefore to under- 
Hand the abovementioned Rule aright, ittfnuft 1 
be fuppoied, that by the full Moon is meant 
the Time of the full Moon as found by the 
Golden Numbers affixed to the Calendar in the 
(Common Prayer Book, and not by an Alma-* 
nac, or by Agronomical Qbfervation (a). 

(a) The fifH Year of ChrifTwas in the 2d of tmV Cycle. 

By the abovementioned Method the true new Moon may at 
any Time be found, if we deduct five Days in Confideration of 
the abovementioned Deficiency in the Moon's Cycle, and fup- 
pofe the new Moon to fell five Days fooner than that tyUthoi 
fliews it to do. . ; . .* 
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By multiplying the Cycle of the Sun and 
Moon together, we have a third Period, con- 
taining the Pitoperties 'of both the other two* 
£o that at the End of this Cycle not only the 
Day a of the Week have the lame Letters be- 
longing to tfrepi, aod fo fallen the fame Days 
of the Month,, but the new and full Moons 
alfo fell on the lame Days of the Year, lathaf 
jthe Time v of celebrating Eafter and the other 
FefHvals of the Church, return to the. vei£ 
feme Days of the Year. From whence this is 
called the great Tafcbal QjcU, ^nd lometimes 
ftom its Authcfr, the Diimyfian Cycle (a). . It 
confifts of s& Years,* and the firft Year. of it 
was 457 Yeari before Chjift. 5 : 

The Cycle of the Indittion is a Revolution 
of 15 Years made ufe of by both the Greeks 
and Romans, probably upon fotne political 
Account. It has no Relation to the Motions 
of the Heavenly Bodies. The Nativity of 
our Saviour fell upon the 4th of this Cycle. 

By multi plying the three Cycles of the Sun, 
Moon, and Indi&ion together, ariles a Term 
of 7080 Years, called the Julian Teriad^ 
which as it began feveral . hundreds of Years 
before the Creation, and is not now ended, and 
in all probability will not, fo long as the World 
stands, is of lingular Ufe in Chronology, as 

(a) This is alfo by ioms called die ViZori** Period. 

< ' taking 
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taking in all Events, both paft, prefent and to 
come. 

This Period was invented by Jvfifbticatiger, 
and began 4713 Yeais before Chnit . . 




An j£ra y otherwife called/ an Epocbj a a 
Continuation of Time beginning: from ibmc 
certain Point, as from a Root, add continually 
proceeding forwards withoat beginning again. 

That which is of principal -Note among 
Cbriftians, is the jEra of ChrflL 

The Author of this Mr* \v*& Diortyfias Ex* 
?, who flourifhed about 500 Years after 
rift* He began it on the Annunciation of 
the Virgin Mary^ or the 15th of March : \ the 
25th of March j as he fuppofed; immediately 
preceeding the Nativity of our Lord : but it 
3» n&w generally thought that our Saviour was 
bi&n* the December^ before that, wherefore 
tahcrs. beginning the JBx* from the Nativity 
It &lt> or the 1 ft of January following it, 
&ckon almoft a quarter of a Year before thofe 
who adhere to the Dhnyfian Account; 

The Englijh and lrtfh ftill adhere to the 
Didnyfian Account in their ecclefiaftical and 
civil Affairs, which all the reft of the World, 
and even they themfelves in common Account, 
have laid afide for that which begins at Janu- 
ary the firft. This Mm is frequently reckoned 
backwards, as well as forwards : Thus, it is 
ufual to fey an Event happened fo many Years 
before Chrifh 

The 
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. ; Tip && Year of this M®^ agreeably to 
what was obferved above, anfwers. to tfta 
4714th of the Julian Period. 

Thdre are :&v£i^l Epochs or jEra'a oTIefs 
Note, which Ifhail but juft mention f this 
Chapter having already run quit to a much 
greater Length, than I at fir ft intendeeL 
«. The Mx* of the Creation afccoardi&c to the 
Creek Church, and which is. now of; XJfc in 
fbtae Eaftfern Nations, begins before the Julian 
IWiod, viz.. 55o8<Years before Ghriffc Ttio? 
others, among whom are the greateft Affrono^ 
mers, begin it fomething Ids than 4000 Years 
before our Saviour's Birth, 

The jEra of the DeftruEHo* < of Tfoy, ' ac- 
cording to Dionyjms Halicarnaffeus and Dio+ 
d&rut Siculus, begins 1 1 8 1 Years before CfirifL 

The iEra;6f the Olympiads^ or Olympic 
Games of Ufe : among the vreeks> yy6 before 
Gtirife "': 

The^ jEira Vrbis condi$£, or of the Building 
^fijbme^ mads Ufe of by the Romans, ac- 
cording to tymrOy began 753 Years before 
Chrift; according to the Fafti Capitolim, 75*. 

The jEra of Nabonaffar made Ufe of by 
the Chaldeans and Egyptians^ famous among 
Aftronomers, as confifting of Egyptian Years, 
which are difturbed by no Intercalation. It 
T>egins 747 Years before Chrift. 

The JEra of the Death of Alexander the 
Great ^ 324. 

The ^Era of the City of Antioch 7 49. 

The 
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• The Mx2l of the Julian Reformation of the 
Calendar, 45. 

The jEra Aftiaca, 30; 

The Diockfian jEra, £84 Years after Chrili 

The jEra of the Hegira, or Flight of -Ma- 
homet*, ufed by the Turks and Arabs; 611 
after Chrift. 

The -ffira of Tefdegird or Terfian j%ra y 
632 after Chrift. 

N. B. A Year in the jEra's of the Death 
of Alexander y and of Nabonaffar, confifts bat 
of $6$ Days; and a Year ofthat of the He* 
gira is only 354. 

- As the Subjeft of this Chapter, though 
founded in Aftronotwy y relates principally to 
the Science of Chronology y of which this Com- 
fertdium is not defignedto treat; I have little 
more than thrown a few Definitions together* 
leaving it to thofe who would fee more on the 
Subjeft, to confult luch Authors as have wrote I 
mpre largely thereon ; as Gregory \ Keil f Wetts^ 
Whitby on the Common-Prayer, and many 
others. 



CHAR 




( 203 ) 

CHAP. XVIII. 

Of the Forces neceffary to retain Bo- 
dies revolving in circular and other 
Orbits. 

And firfl of circular Orbits. 

N Order that a Body may more round in 
_ the Circumference of a Circle, it is requi* 
te, that as fbon as the Body begins to move* 
(bene Power or Force continually ad upon it, 
in fuch manner as to make it bend its Courfe 
every Moment towards the Center of the Circle 5 
becaufe, as is obvious to conceive, it would 
otherwife only move right forwards (a) ; for in 
Gonfiderationsof this kind, we do not fuppofe 
the revolving Body to be afFe&ed even by its 
own Weighty or any other moving Caufe what* 
ever, except that whereby its Motion is made 
circular : And becaufe the Circumference of a 
Circle is every where equally diftant from the 
Center thereof, it is obvious there muft be the 
moft exad Adjuftment imaginable between the 
Power that retains the Body in the Circle* 
Whatever that Power be, and the Endeavour 
the Body has to move right on in a ftraight 
Line : For in Cafe the former be an over-balance 
for the latter, it will bring the Body nearer 

• * 

(a) See Part I. Chap. IV. 

D4 wd 



464 Of Circular Orbits. Part IV. 

and nearer to the Center of the Circle it fhould 
defcribe ; and on the other hand, if it be too 
weak, it permits it to move farther and farther 
off So that the Body, inffcad of a Circle, 
will defcribe fome other Figure, which will be 
of this -or that Form, according as the Force 
the Body moves with, compared with the Power 
which bends its Courfe, is greater or lefi; and 
not only fb, but as this latter Force (which is 
ibmetimes the Cafe) ads more or lefs power- 
fully, as the revolving Body comes nearer or 
goes farther from the Point it revolves about* 
And here we may have recourle to a Fad ob- 
vious to every one, which will in feme Meafure 
illuftrate what we have been fpeakmg of. Let 
* Ball be hung up by a String: This Ball, j 
when drawn a little to one Side, will endea- 
Tour to return back to the loweft Point, as if 
there were fbme Power feated in that Point to 
draw it thither from all Sides. But the Body 
may have a Caft given it tideways in fuch 
Manner, as that by Virtue of the Call, and by 
Virtue, of its Tendency to the loweft Point 
together, it (hall defcribe a Circle parallel to 
the Horizon ; or inftead of that it may be made 
to defcribe other Figures, as Ellipfes fappofe, 
which will be of various Forms according to 
the Force and Direction of the Caft given to 
the Ball. And if we fuppofe feveral Balls 
hung up, which when removed to equal Di£» 
tences from their loweft Points, fhould tend 
thither again with unequal Forces, and thefe 

Forces 
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Forces urging them by different Laws and in 
different Manners, the Figures defcribed by 
them* when thrown Sideways with this or that 
Force and Direction* will be proportionably 
different one from another. Now m this Sup* 

Sofition, the Caft which is given to the Ball 
ideways, correfponds with the Endeavour * 
Body revolving in the Circumference of a Circle 
or other Figure, has to move right on continue 
ally, and fo to leave the Center it ought t$ 
f evolve about 5 and the Endeavour, Stfugglfc 
. or Tendency the Ball when drawn to one Side, 
has to move towards the loweft Point, or ra* 
ther the Power which is, as it were, feated in 
that loweft Point, and occafions the abovemen*- 
Cioned Endeavour or Tendency in the Ball t6 
move thither, correfponds with the Power wc 
fhppofed above neceffary to retain a Body in 
the Circumference of the Circle or other Figure 
it defcribes, and which by bending the Courft 
of the Body inwards, that is, towards the. 
Center of the Figute, prevents it from going 
off in a ftraight Line. • 

We are therefore in the next Place, to en* 
quire what Forces or retaining Powers are ne* 
ceflary to bend the Courfe of Bodies in fuch 
Manner that they fhall defcribe this or that 
Orbit (a) j and fince the Planets both primary 

Dd a and 

(a) For unlefe we can meafitre the Forces we aflign, and 
fay they are exactly equal to the Efiecls we fuppofe them to pro* 
dace, it would be in vain to aflign them at all. And this is 
whaj; makes tjic Difference between true and felfe Pbtlofophy, 
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and Jecondary, as alio the Comets, dcfcribe 
Orbits either circular or elliptical, as obferved 
above, we will confine ourfelvcs chiefly to the 
Confideration of the Forces necefiary to retain 
revolving Bodies in fuch Orbits. This Subjed 
has been already touched upon in the firft Part 
of this Compendium (a) y under the Title of 
Centripetal and Centrifugal Farces \ but little 
more is taken Notice of there, than what was 
requifite to fhew the Poffibility of fuch a Mo- 
tion as we are fpeaking of, and to explain the 
Terms ; which are thefe that follow, vix. Cen- 
tripetal Force, or that whereby the revolving 
Body is prevented from going on in a right 
Line:. The Centrifugal Force, or that by 
which it endeavours to go on in fuch a Line. 
Thefe, like A&ion and Readion, are equal in 
all Cafes, and therefore called by one common 
Name, Central Forces: That whereby the 
Body continues its Motion, is the Trqje&ile 
Force; and the Time irfwhich it revolves once 



The forfflfr by a mathematical Scrutiny, (as it were by a kind 
of Menfuration) finds that the Caufes afligned are juflly adapted 
to the Fads accounted for; while the other, by a conjectural kin<J 
of Method, afligns Caufes which perhaps are plaufible at firft 
Sight, bat when meafured by the Rules of Geometry, are found 
either too fmall or too great for the E&cls they are fuppofed to 
produce. 

This was the Cafe of Dei Cartes" *s Vortices, the Doctrine of 
which captivated the whole Philofophical World, and continued 
to do fo, till they were weighed in that unerring Balance, and 
thereby difcovered to be inadequate to the Purposes for which 
they were contrived. 
. . . . (a) Chap, VIII. 

round, 
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round, is called the 'Periodical Tone. Thq 
feveral Cafes proper to be confidered, ihall be 
comprifed in the following Propofitions. 

Proposition I. 

When two or more Bodies revolve at equal 
Diftances from the Center of the Circle they 
defcribe, but with Unequal Velocities, the cen- 
tral Forces neceflary to retain them, will be to 
each other, as the Squares of their Velocities. 
That is, if one revolves twice as faft as the 
other, it will require four times the retaining 
Force the other does ; if with three times the 
Velocity, . it will then require nine times the 
Force to retain it in its Orb. (frc. (a) 
? N. B. We do not here confider the Magni- 
tude of the revolving Body, becaufe we fup- 
pbfe the Power at the Center, to ad upon every 
Part of it alike, fo that the larger it is, the 
more forcibly in Proportion it is a&ed upon ; 
and therefore it is the fame thing, whether it 
{>e large or fmall, 

(a) Let BDF Fig. 25. reprefent a Circle whofe Center is S, 
draw ABC a Tangent to the fame at the Point B, and let there 
be a Body moving from A towards C, and let it be fuppofed to 
be deftitute of Weight, or whatever elfe might alter its Courfe. 
In this Cafe it would defcribe the right Line ABC ; but when it 
comes at B, let it begin to be acted upon by fome central Force, 
or retaining Power feated in S, fuch as ihall bend its Courfe at B 
from a rectilineal to a circular one, and acting upon it afterwards 
in every Inftant of Time in like manner, {hall caufe it to def- 
cribe the Circle BDFB. Let us then proceed to eftimate the 
Quantity of Force exerted^ in producing one of thefe Bending* 3 
in order to which let u* conceive a Point of the Circle as D to 
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be die very next to the Point B, though taken at feme Difbace 
in the Figure to avoid Cbnfiifion oT Lines. Parallel to the 
Diameter BF draw the Line CD, and Parallel Co the Tangent 
BC the Line DG 9 draw alfo the Line BD, which will be the 
Diagonal of the Parallelogram CG. Now it is well known 
that fupporing a Body would move from B to C, and by Virtue 
of fome other Force acting upon it at the fame Time, would 
move from B to G, it wiH neither move to C nor G, but to D ; 
that is, its (braight Courfe will be bent into a circular one at B, 
for that is what is meant by its moving from B to D when Band 
D are contiguous, as is here fuppofed. BG therefore is the Spaed 
over which the revolving Body would move by that Action of 
the central Force which canfes the Bend at B, or any other 
Point of the Circle. And as BG b equal to the Space over 
which the revolving Body would move by Virtue of the central < 

Force, it will always be proportional to the Force it {elf. The i 

Value of that Line is therefore now to be determined. Join the 
Faints D and F, then (by 31. El. 3.) the Triangle BDF will 
be rightangled at D, and confcquently (by 8 £1. 6.) BG : BD 

: : BD : BF, from whence BG = -5=- ; hut when B and D 

are contiguous (as is here fuppofed) the Difference between the 

Chord BD and the Arch BD vanifties, fo that BG^ 1 ^ 



Having thus found a Quantity propot tionaMc to the Act of the 
central Force require to retain a revolving Body in a Circle, 
we may proceed to efbtblifh the following fundamental Let/Ota. 

LEMMA i. 

The Space that a Body retained in a Circle, by Virtue of any 
central Foife, would move over in a given Tiriie, by Virtue of 
that Force only, is equal to the Square of the Arch defcribed 
in that Time, divided by the Diameter of the Circle. 

Dem. The A&ionof a central Force upon a revolving Body i» 
analogous to that of Gravity upon Ming Bodies, and therefore 
the Space a Body would move over by Virtue of that Force 
only, i« as the Square of the Time that A&ion continues : as 
then the Square of the Time the Arch BD is defcribed in (the 

BD* 

Points B and D being contiguous as before) is to -~ which by 

BF 

what was ftewn above, is a Quantity equal to the Space the 
Body would move over toward* the Center in that Time, fo is 
the Square of the Time given to theSpace the Body would move 
over by Virtue of that Force in tjjat Time; If we then put / to 

ejpprefi 
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•xp^rfstbcTipictfee ArchBD woAildbcdcfcribodk, T for the 
Time given, and S the Space the Body would move over towards 
the Center in that Time, we fhall have this Proportion. 



Fix. 

Let the Arch the Body would 
defcribe in the TimeT, be the 
Arch BN, then becaufe the Mo 
Hon of the Body in the Circumfe- 
rence of the Circle is uniform, 
we have 

Squaring the laft Proportion, 
we have 

-Altering the Pofition of the 
Means in the firft Proportion, we 
have 

• Comparing the third and fourth 
Step together. 

Turning the 5th Step into an 
Equation. 

Dividing the laft by BD* 



n 



BDq 

BF 



: ; T* : S 



* 



;T*BD : BN 
/q:T*:: BD* : BN* 

BF 

BD* 
BDq-.BNq:: g^-:S 



SXBD*: 

s **** 
BF 



BNqxBD* 

* — IP — 

Q^E.D. 



Coroll. From this Lemma it follows, that the central Fore* 
lequifite to retain a revolving Body in the Circumference of ft 
Circle, muft be fuch as fuppofing the projectile Motion ftopp'd, 
would caufe the Body in the Time it would otherwife detcribt 
any Portion of that Circumference, to move towards the Center 
of the Circle over a Space or Diftance of fuch Length, as .would 
arife from the Divifion of the Square of that Portion of the 
Circumference by the Diameter of the Circle. £nd confer 
quently, it will in all Cafes be proportionable to the Square of 
the Arch the Body would defcribe in a given Time divided by 
the Diameter of the Circle: Becaufe the Force exerted in any 
Time is proportionable to the Space it caofes a Body to move over 
in that Time. 

To illuftratc this, fuppofe the Diameter of the Circle 25 
Feet, and the Arch BN 10 Feet, and that the revolving Body 
moves over thofe 10 Feet in a Minute. Then the Square of 
BN, which is 100. divided by the Diameter, or 95, gives 4 
Feet : The central Force therefore at S, necefiary to make the 
Body revolve in the Circle BNF at the Rate of 10 Feet in a 
Minute, muft be fuch, as fuppofing the Body left to itfelf at 
Ji, (that is, without any Motion at afi towards C, or any Weight 



or 



a io . Qf Gircukr Orbits* Fart IV; 

or Gravity of it* 6#n) would make it more over i Feet towards 
& in a Minute. Again,, fuppofing Things aa before; only that' 
the Body revolves with bat half its former Velocity, that Is, that 
it defcribes but 5 Fefetof the, Circumference of the Circle in a 
Minute * then the Square hf tnat $ Feet, which is 25, divided 
by 25, the Diameter gives 1 ; fo that the central Fotce in this 
Cafe muft be fuch, that by Virtue (hereof a Body deftitute both 
of Weight and projectile Force,, (hall mate over a Space 1 Foot 
long in a Minute. And coriverfely, jf there be a Circle, whofo 
Diameter is 25 Feet, and thfcre be a Power lodged in" the. Center 
thereof capable of ctjifing a Body to move over the Space of 
4 Feet in a Minute;' then in order that a Body may be made 
to revolve-round in the Circumference of that Circle, it muft 
be thrown forwards in a Direction at right Angles with the 
Radius of the Circle, with fuch Velocity as would carry -it over 
the Space of ro Feet in that Time. And if the central Force 
be capable of caufing it to move over b\\t 1 Foot in a Minute, 
then it muft be thrown forwards with a Velocity that fhall make 
it move at the Rate of only 5 Feet: Or, fince the Velocity 
is uniform, and therefore the Arch defcribed is proportional to 
the Time it is defcribed in, inflead of an Arch as BN to calculate 
with, we may take the whole Circumference, and fay, that 
the Space a Body would move over by Virtue of the Central Force 
alone , in the Time it defcribes the whole Circumference, is equal 
"to that which would arife from the Divifion of the Square of 
that whole Circumference by the Diameter of the Circle. And 
this is that exacl Adjuftment between the central and projectile 
Force we have been fo long in Search of. 

Suppofe then we would calculate, how far a Stone would 
fell by its Own Weight, in the Time in which, if thrown for- 
wards with a fufficient Velocity, it would move quite round the 
Earth in m Circle. Let us call the Diameter of the Earth, 
that is, the Diameter of the Circle it defcribes, 1, then the 
Circumference thereof would be 3 nearly, the Square of that 
3, is 9, that divided by the Diameter 1, gives 9 ; fo that a 
Stone would fall by Virtue of its own Weight through a Space 
equal to about 9 Diameters of the Earth in the Time it would 
revolve once round it. But it is here to be obferved, that the 
Stone muft be fuppofed to be of the fame Weight during its 
whole Fall, that it is of at firft ; and fo in alt other Cafes, we 
fuppofe the Energy of the central Force to be the fame at all 
Diftances whatever, unlefs when the contrary is exprefled. 

We have hitherto been confidering the Energy of the central 
Force, by comparing the Space it would cuxfe a Body to move 
over in any certain Time, with the Space the Body ought to 

defcribt 
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dtfcribe along the Circumference of the Circle in the fame 
Time : Let us now take it in another View, and compare the 
Velocity a Body ought to move with to defcribe a Circle, with 
the Velocity it would acquire in moving over fome certain Space. 
by Virtue of the central Force only ; from whence will arife a 
Proportion very ufeful in" Matters of this kind; and which 
for Dtftinction Sake w6 will call 

LEMMA IL 

The Velocity a Body ought to i evolve with in the* 
Circumference of a Circle, is fuch as it would acquire ifr 
moving by Virtue of the central Force only, over half the 
Radius of that Circle. To explain this, let the Body be fup- 
pofed at Reft at B, and "let it be acted upon by a central Force at 
S. Upon this the Body will proceed towards S with a Motion, 
which will increafe every Moment (becaufe as in the Cafe of 
falling Bodies we fuppofe the central Force acting upon it with 
the fame Intenfenefs, whether the Body moves or not) and the 
Inftant it gets half Way to the Center S, it will have acquired 
fome certain Degree of Velocity; that's the Velocity it ought 
to move with along the Circumference of the Circle to render 
its projectile Force an exact Counterbalance to the -centripetal 
one of the Power at S. Thus, fuppofe' there were a Loadftone 
fixed at S, and a Piece of Steel at £, divefted of its own Weight, 
fo that it might be at Liberty to move freely towards the Load- 
ftone, and to make the Inftance parallel to the Cafe before us, 
let it be fuppofed that the Loadftone attracts the Steel with the 
fame Degree of Force at all Diftances/ then whatever Velocity* 
that Steel would have when it had got half way to the Loadftone, 
that's a Velocity with which if the Steel were thrown from B 
along the Tangent BC, it would move round in the Path BDFB.. 
not approaching towards or receeding from the Loadftone. But 
the Steel muft be fuppofed to meet with no Refinance from the"* 
Air, for if it does it will continually lofe fomewhat of its Velo- 
city, and fo after fome Revolutions would fall upon the Body of 
the Loadftone. Again, fuppofe it were required to find the Ve- 
locity a Ball ought to be thrown forwards with at a fmall Diftance 
from the Surface of the Earth, that it fhould move quite round 
in a Circle, keeping the fame Diftance from the Surface of it all 
the Way. It muft be fuch, as that Ball would acquire by falling 
half way from the Place it is thrown from to the Center of the 
Earth (for that is fuppofed to be the Seat of the Power that gives 
it its Weight, and thereby hinders it from moving forwards in 
the Direction it is thrown in.) And that Velocity is eafily 
calculated from what was demonftrated, Part I. Chap. V. $ 4, 
or c, fuppofing as Hugtns has determined by very accurate Ex- 
periments, that a Body near the Surface of the Earth falls 1 5 T ' T 
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Paris Feet in the full Second of Time. Bat enough of this by 
way of Explication, it is Time to demonftrate what is here affirm- 
ed. 

Dem. Let the Diameter of the Circle be 16 Feet, in which 
Cafe half the Radius will be 4 Feet, then by CtroII. of Lemma 1 • 
the Arch the Body muft run over in the Time it would pafs 
through thofe 4 Feet by Virtue of the central Force, muft be 
fuch that the Square of it divided by the Diameter may be 4 ; 
that is, it muft be 8 Feet, (becaufe the Square of 8, which is 
64 divided by 16 the Diameter, gives 4,) but if it defcribes A 
Arch of 8 Feet, in the Time it would rail through 4 Feet, it 
then moves with that very Velocity it might acquire by the Fall ; 
becaufe as has been demonftrated Part I. Chap. 5, § 7. if a Body 
moves uniformly with the Velocity it might acquire by a Fall, 
it will move over a Space equal to twice the Height of the Fall, 
in the Time thereof. Since then the Body in the Cafe before us, 
defcribes an Arch of the Circumference of 8 Feet in the Time it 
would fall through 4 Feet, it moves therein with a Velocity ic 
would acquire by falling through 4 Feet, that is, half the Ra- 
dius. Q^E. D. To avoid a Circumlocution in the midft of the 
Argument, I call the Space the Body would move over by Vir- 
tue of the central force only, from its Analogy therewith, a 
Fall. 

Uni<uerfaIIy thus, let the Diameter be equal to 4 times fome 
certain Space, which Space let us call d\ the Diameter then will 
be equal to 4 </, and half the Radius will be equal to the Space 
d, in which Cafe, the Arch the Body defcribes in the Time it 
would fall through the Space d muft by the abovementioned Co- 
rollary, be fuch as that the Square of it divided by 4 times d 
may be once d 9 that is, the Arch muft be twice d (becaufe the 
Square of twice d f which is 4 times dd divided by the Diameter 
4 times d, gives once d) but as before, if the Body move uni- 
formly through twice the Space J, in the time it would fall 
through once that Space, it then moves with that very Velocity 
it would acquire by falling through that Space, that i$ 9 ex Hy* 
fotb, through half the Length of the Radius. Q. £. D. 

From what has been demonftrated above, we may eafily learn 
the Relation which the central Force that is rcquifite to retain 
one Body in the Circle it defcribes. has to that which is required 
for the fame, or another Body revolving in a larger or lefs Cir- 
cle. Which Relation is expreiTed in the following Lemma* 

LEMMA III. 

The central Force whereby one Body is retained in the 

Circle it defcribes, is to that whereby a Body moving with 

a different Velocity or in a different Circle might be retained 

therein, as the Square of the Velocity of the former divided by 

£ the 
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the Radius of the Circle it describes, to the Square of the Velo- 
city of the latter divided by the Radius of the Circle which it 
defcribes. If then we call the central Forces whereby the two 
revolving Bodies are rctainM in their refpe&ive Circles C and r, 
their Velocities V and *u, and the Diftances they revolve at, 
that is, the Radii of the Circles they defcribe, R and r p we fball 

VV nru 
always have this Proportion, C : e : : -g- ; — 

-Dm. By Corollary of Lemma i, the Energy of the central 
Force is proportionable to the Square of the Arch the Body de- 
icribes in a given Time, divided by the Diameter of the Circle. 
And Arches defcribed in a given Time, are as the Velocities 
whereby they arc <lefcribtd, and the Diameter of a Circle is as 
its Radius ; confequently the Action of the central Force is pro- 
portionable to the Square of the Velocity the Body moves with 
divided by the Radius of the Circle it defcribes; The central 
Force therefore whereby one Body is retained in the Circle k 
defcribes, is to that whereby a Body moving with a different 
Velocity or in a different Circle might be retained therein, as 
the Square of the Velocity of the former divide^ by the Radius 
of the Circle "it defcribes, to the Square of the Velocity of the 
latter, divided by the Radius of the Circle which it defcribes. 
Q/E. D. 

Thefe Things which are the Foundation of what follows being 
eftablifhed, we may now proceed to demonftrate each Proportion 
of this Chapter in the Order they lie in ; the firft of which is, 
That when two or more Bodies revolve at equal Diftances from 
the Center, but with unequal Velocities, the central Forces ne- 
ceflary to retain them will be to each other, as the Squares of 
their Velocities. 

Jfem. Let the Circle which one of the revolving Bodies is fup- 
pofed to defcribe in this and the following Cafes, be BDF, in 
Fig. 26. and that which the other defcribes be b df, and let 
us call the Diftances they revolve at from the common Center, 
that is, trie Radii of the Circles they defcribe, R and r ; the 
Velocities they revolve with, V and <v; and the central Forces 
neceffary to retain them C and c. Then by Lemma 3. we (hall 



have for the firft ftep of this Dc- 
sionftration, 

But by the Propofition R is equal 
to r, therefore 



2 



C\c : : VV <vv 



C:c::VV: w- Q^E.D. 
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Prop. II. When two or more Bodies move 
with equal Velocities, but at unequal Diftances 
from the Center they revolve about,; their 
central Forces muft be inverfely as their Dis- 
tances. That is, by how many time? greater 
the Diftance a Body revolves at is from the 
Center, fo many times Ids Force will retain 

it(*). 

Prop. III. When two or more Bodies 

perform their Revolutions in equal Times, but 
at different Diftanccs from the Center they 
revolve about; the Forces requifite to retain 
them in their Orbs will be to each other as the 
Diftances they revolve at from the Center* 
For Inftance> if one revolves at twice the 
Diftance the other does, it will require a double 
Force to retain it : if it defcribes a Circle three 
times as large as the other does, then a treble 
Force is requifite, 6>c, (c) 



lore, 



Dfm. By Lemma $, as be 



By the Proportion V is equal to 
v, therefore. 



C ? c : :-rr— : 

R r 

C : c : :-i : i- Q^ E. t> 



(c) In order to demonftrate this the following Lemma will be 
of ufe. 

LEMMA IV. 
The periodical Time of a Body revolving in a Grcle, 
is as the Diftance ic revolves at from the Center direSly, 
and as its Velocity inwrfly. And therefore in comparing the 
periodical Times of two Bodies together, if we call their peri- 
odical Times T and /, the Diftances they revolve at, R and r ; 
and their Velocities V and v, as before, we (hall have this 

Propor- 
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Peo*. IV. /When' two' 1 or. mo»< Bodies 
Avolving atdrjferext Diftances fropi the Center* 
«rc retained by equal centripetal Forces,, their 
Velocities will be fuch, that their periodical 
Times will be to each other as the Square Roots 
of their Diftances. That is, if one revolves at 
four times the Dvffancc another does, it will 
perform a Revolution in . twice the Time the 
other does; if at nine times the Diftance, it will 
revolve in thrice the Tiroe^ Sfo (d) 



R T * 

Proportion, viz. T :/::•>•: — 

V ih 

Demonflration of the Lemma. The periodical Time of a re»* 
vetoing Body, cateru paribus y depends on the Diftance k re- 
volves at from the Center, becaufe the greater that Diftaqce it; 
the greater is the Circle- it defcribes, and (o the longer it is in 
coming round. Again, ceteris paribus, the greater its Velocity 1 
is, the fooner it comes round ; and therefore the periodical Tim* 
is dire&ly as the former, and inverfeljr as the latter : Qr 9 ,as,thq 
former divided by the latter ; and « . „ . . R r r\ x? i\ 
ctttfequently , TJ- '•• ^ ••-<*>** 

btmonft. of . the Prjpofition. By ^ 

Lemma $'. 
By I*mma 4, 
Multiplying the 2d Step by the 

Ratio of V to *v, we nave, 
By the. Proportion* T.is e%ualto 

t, therefore, 
Comparing the 1 ft and 4th Steps 

together, 
That is, 



1 

2 



O : r: \. 

« *■ 1 

TV 1 tv : : R': r 



R 



r 



.1: 



f 



V : v : : R : r 
n ' VV. w 

C:f:: T : V 

6lC:r:: V: v.QJLP. 



(J) Dem. By Lemma 3. 

Multiplying by R : r 

By the Propofitjon, C is equal to 
c, therefore 



C : c : : 
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Fa OP. V. And in general, whatever be 
the Diftances, the Velocities, or the periodical 
Times of the revolving Bodies, the retaining 
Forces will be to each other in a Ratio com- 
pounded of their Di fiances dire&ly, and the 
Squares of their periodical Times inversely. 
Thus for Inftance, if one revolves at twice the. 
Diftance another does, and is three times as long 
in moving round, it will require f , that is, 
two ninths of the retaining Power the other 
does. For as, if the retaining Power was in a 
Ratio compounded of the Diftance direttly and 
direttly alio of the Square of the periodical 
Time, the latter Body would require twice 
the retaining Power the other would multiplied 
by $>, the Square of the periodical Time ; fb, 
as the latter Ratio is an inverfe one, it requires 
twice that Power divided by p • that is, * or 
two ninths of it. For in compounding of Ra- 
tio's the Way is, if they are both dirett to 
multiply them both together \ if one be dirett 
and tne other inverfe , to divide the direct by 
the inverfe \ if bpth are inverfe > to multiply 
them both together, and to divide Unity by 
them : Thus, if the retaining Power had been 



By tiemma 4. 
Squaring the laft Step 

Comparing the 3d and 5 th, 

That is, 

Extracting the Hoots of the 7th 
$»p, 



1* * R r 
V <u 



R 

V 
RR 
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R r . 

TT : // : : R : r 

T :t: : ^"k :^r QJB.D. 

as 
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as the Diftance inverfely and jnverfely too as the 
Square of the periodical Time, then in the Cafe 
before us> the latter Body would have requi- 
red a retaining Power, which ftiould have been 
as the Number 1 divided by a, multiplied by 
9 ; that is as 1 divided by 18: That is, if we 
fuppofe 1 to exprefs the central Force requifite 
for the former Body, the Fraftion t \ would 
have exprefled that which would have been 
neceflary for the latter; or in other Word*, 
their retaining Powers would have been related, 
to each other, as 1 is to i\ ; that is, the former 
would have been 18 times greater than the 
latter (e). 

Prop. VI. If feveral Bodies revolve at 
different Diftances from one common Center, 
and the retaining Power lodged in that Center 
decreafes as the Squares of the Diftances in- 
creafe ; that is, if at a double Diftance it be 



(e) Bern. By Lemma 3. 
Multiplying by R to r, 
By Lemma 4, 

Multiplying the laft by V to <u, 
Dividing the laft by T to /, 

Sparing the laft, 

Comparing the 2d and 6th, 

Dividing the laft by R to r 



n VV nyo 

C:c:: X : T 

CR : cr : : VV : w 
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V v 
TV : t<u : : R : r 

V : v : : — : ^ 
T / 

VV:w::M;i: 
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TT // 
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four times weaker j and at a treble Diftance, p 
times weaker, &c. the Squares of the periodi- 
cal Times of thofc Bodies will be to each other 
as the Cubes of their Diftanccs from the com- 
mon Center. That is, if there be two Bodies, 
whole Diftances when cubed, that is, multijjiied 
by themfclvcs twice, are double or treble, &c 
of each other, then their periodical Times will 
be fuch, as that when fquared only, that is, 
multiplied by themfclves once, they Audi be 
alfo double, or treble, &c. of each other ( f). 



if) Dem. By Lemma 3, 
By the Proportion, 

* 

* Comparing the ill and 2d Step, 
Multiplying by R to r, 

By Lemma 4, 
Multiplying by V to v, 
Dividing by T to /, 

Squaring the laft, 

Comparing the 4th ^nd the 8th, 

Multiplying by TT to // 
Multiplying by R to r. 
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And after like maftner, we may eaiily.demonftrate the feventh 
Corollary of the fourtft* Proportion of the firft Book of Sir Ifaac 
Newton's Princifia. Which* becaufe it is of ,moje than ordinary 
Difficulty to Beginners, I here acld^ It is to this Effect. 

When Bodies revolve in fuch Manner that their periodical 
Times are to each other as fome Power (which call n) of their 

Diftances, 



Chap. XVIII. OfCitcx&u Orbits. 



Diftanca, the centripetal Forces teqnifite to retain tkem, wiH 
be to each other inverfely as twice that Power wanting one of 
their Diftanccs * that is, as their Diftances railed to the Power . 
«n— 1. 



Dcm. By Lemma 3, 

Multiplyiog by the Ratio 

of R tor, 
By the Suppofi tion, 

By Lemma 4, 

Comparing the 3d and 4th, 
Multiplying by V to w, 
Dividing by R n to **, 

Dividing theNumerators in 
the laft Step by R : r, gives 
I : j, and dividing the 
Denominators R a : r« by 
the feme, brings them one 
Power lower, that is, to 
Rt>-i : r n— 1 therefore the 
laft Step is reducible to 

Squaring both Sfdes of the 
8th Step, which in the 
Denominators R*~ » and 
r n— 1 i 8 done by doubling 
theirXndex n—- i,wehave 

Comparing the 2d and 9th 
Steps, 

Dividing1>yRtor, which in 
the DsnominatorsRan *- * 
& r^*- * is done by adding 
1 to their Index an — 2, 
by which means it be- 
comes 2n— 1, we have 
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Sfbofam. ' The foregoing Demonftrations would have pro- 
ceeded with equal Succefs, had we only taken the Antecedents, 

Ff or 
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Or the Confequents in each Step ; that is, only the large <fr only 
the fmall Letters. Which Method, becaufc I Audi make of* 
of it hereafter, I will here give a Specimen of. Let it then be 
required to demonfirate the firft Prop ofition of this Chapter oyer 
again in this latter Method. 
By Lemma 3. The central Forces are 
as the Squares of the Velocities di- 
vided by the Radii of the Circles 
defcribed, which put thus 
By the Proportion, the Circles defcrib- 
ed have one comnion Radius, call 
it 1. Then 2 R = 

From the id and 2d Step compared, 
we have 



VV 

"5" 



u 



3* C:VV. v 

That is, the central Forces of the revolving Bodies are to each 
other as the Squares of their Velocities, which is the Senfeof 
the Proportion. » 

Again, let it be required to demonftrate the Corollary taken 
from Sir Ifaac Newton's Priucipia, over again in this Method. 

1 ^ VV 
By Lemma 3. 



By the Suppofition 

By Lemma 4, _ 

< 

Comparing the 2d and 3d Steps 

Multiplying by V 

dividing both Sides by R, reduces R to 1, 
and brings Rn one Power lower, that 
is toRo— x * fo that we mall then have 

Dividing by R*"« 

Squaring the laft Step, which in the 
Quantity Rn— 1 is eftdad by doubling 
theindexn — 1, we have 
* Multiplying the firft Step by R 

Comparing the two laft 

Dividing by R, which in the Quantity 
Ran—* is done by adding i to the In- 
dex, we have 
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. Secondly , Of the Forces neceffary to retain 
Bodies revolving in other Orbs. 

Prop. VII. If a Body be turned out of 
its re&ihneal Courfe by Virtue of a central 
Force, which decreafes as you go from the 
Seat thereof, as the Squares of the Diftances 
increale; that is, which is invcrfely as the 
Square of the Diftance, the Figure that Body 
fliall defcribe, if not a Circle, will be a Para- 
bola, an Ellipfe or an Hyperbola, and one of 
the Foci of the Figure will bp at the Seat of 
the retaining Power. That is, if th^re he not 
that exad Adjuftment between 'the proje&ile 
Force of the Body and the central Power ne- 
ceffary to caqfe it to defcribe a Circle, it will 
then defcribe one of thofe other Figures, one 
of who(e Foci will be where the Seat of the 
retaining Power is (g). 

(gX I Q , or< k r to mcw **"*, lt w $ ** n*ceflary to premife the 
following Lemma's/ 

L E M M A V. 

The Velocity of a Body defcribing any Curve, (if its Courfe 
it regulated by a retaining Power) is in one Point of the 
Carve to its Velocity in any other Point thereof, inverfely as 
a Perpendicular drawn from the Seat of the retaining Power 
to a Tangent of the Carve at the firft r\>int, to a Perpendicular 
, drawn from the fame Place to a Tangent at the other Point. 
That is, in fewer Words, the Velocity ojf the Body is inverfely 
as a Perpendicular let fall from the Seat of the retaining Power 
to a Tangent at the Point where the Body is. Thus, if the Body 
t£ at D, a Point in Curve DEF, Fig. 27, andPD bt a Tangent 
thereto, and SP a Perpendicular to that Tangent, drawn through 
Srie Seat of the retaining Power, the Velocity of the Body at 
D, compared with its Velocity in other Pajts of the Figure, 

Ff z will 
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Will be inverfely as SP, that is, as the Quantity J~ . 

Dm. It has been demonstrated, Fart I. Chap. VIII. that re- 
volving Bodies defcribe equal Areas in equal Times; that is, if 
a Body defcribes the Curve Line DEF, and the Arches DE, EF, 
&c f be run over in equal Times, the Areas DES, EPS, &c. 
Will be equal ; which Areas if we fuppofe the Times as fmall as 
poffible, may be confidered as fo many right-lined Triangles, be- 
caofe in that Cafe the Lines DE, EF, &c. loofe their Curvity, 
and being produced are Tangents to the Curve. Produce the 
Line DE to P, and let fall the Perpendicular SP, then the Area 
of the Triangle DES is had by multiplying its Baft DE into 
half SP; and the Area of EFSis equal to itsBafeEF multiplied 
by half a Perpendicular drawn from S to EF produced, &c. 
But thefe Triangles being described in equal Times, are all equal, 
the longer therefore their Bafts, the (hotter their Perpendiculars. 
But the Bafes being run over in equal Times by the revolving 
Body, they are as the Velocity of the Body wherewith they are 
defcribed ; cqnfequently the greater the Velocity of the Body, 
the fhorter is the Perpendicular to the Tangent where the Body 
is. Which is the Senile of the Lemma. 

L EM M A VI. 
Whatever Curve a revolving Body defcribes by Virtue of 
a centripetal Force, whether the Seat of that Force be within 
or without the. Curve, the Action of that Force upon the 
Body when at any one Point of the Curve, mufl be to the fame 
upon the Body when at another Point of the Cipro, directly 
as the Diftance of the Body from the Seat of the retaining Power 
and inverfely as the Cube of a Perpendicular let fall from the 
Seat of the retaining Power to a Tangent to the Curve at the 
Point where the Body is, multiplied by the Radius of a Circle of 
equal Curvature with the Figure at that Point. That is, if AX 
in Fig. 28, be the Curve defcribed, and MDN, whofe Center is 

C, be a Circle of equal Curvature with the Figure at the Point 

D, and PD be a Tangent to that Point, and Sr a Perpendicular 
thereto drawn thro' S the Seat of the retaining Power, the central 

DS 

Force requiflte to aft upon the Body at D muft be as gpfXTFTy 

DS 
that is, if we put R for the Radius CD, as gsy ^-^ • 

; Dm. By Lemma 5. the Velocity of the revolving 

Body when at D is as 2.' calling then that Velocity V, 
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we have 



Squaring both Sides 



V: 



SP 



vv 



r 



Call CD the Radius of the Circle MDN, R , then by Lem- 
ma 3, the central Fo« neceflary to retain the Body in- that 
Circle, (or which is the fame thing, at the Point D in the Curve 
ADX, becatife they are both of equal Curvature there) would, 

if placed at C, Be as -£ • But whereas it is placed at S it 

efts obliquely to DC, and therefore to produce the fame Efieft, 
mtjft ad more forcibly in the Proportion of SD to DT, firpnofiag 
ST perpendicular to DC ; that is, becaufe SP u mim) to DT. 
in the Proportion of SD to SP. 



But by the Golden Rule 

Coniequently the central 
Force neceflary if placed 
not at C but at S, is ex- 
preffible by 

Putting then Cfbr theAc- 
' tion of the central Force 
neceflary to be placed at 
S, we have 

Comparing the 2d and 4th 
Steps together 

That is, 



3 



SP:SD 



• • 



VV WxSD 
"S! ' SPxR 



WxSD 



6C 



WxSD 



SPxR 



or 



Wx 



SD 



SD 




5rq * SP^bT 



SD 



br/3xK 
VII. 



Qt E. D. 



LEMMA 

Let AD Fig. 29 be a Parabola* whofe Axis is AG, and its 
Focus S, and let PDF be a Tangent at the Point D, through 
the Focus S and Point of Contact D draw the lines PS. and DG 
both perpendicular to the Tangent PD, then will PS be equal 
to half DG. 

Dm. Produce DP till it meets the Axis in X, and draw the 
Diameter DO, and join the Paint* D and S : Then becaufe DO, 
as being a Diameter is parallel to G X, the Angle FDp is equal 
to DXS ; 'tis alfo canal to the Angle XDS (Mi In. Conic. Sett. 
Part IV: Prop. 4.) the Triangle XSD is therefore an Ifofceta 
pne, and SP being perpendicular to the Base XD, X£ is equal to 
half XD j but PS and DG being parallel, the Triangles XPS and 
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XDG are fimilar, and .therefore PS is alfo equal to half DG- 

Q. E. D. 

LEMMA VIII. 

Let AD Fig. 30, be a Portion -of a Parabola, an Ellipfe or 

an Hyperbola, one of whofe Foci is S, its longer Axis AG, 

and its Parameter or Latus re&um L ; and let PF be a Tan- 

g*nt at the Point D, join the Points D and 3, through the 

latter of which draw the LineSP perpendicular to the Tangent. 

and through the former the Line DG perpendicular alfo to the 

Tangent, and craning the longer Axis in G, then will DG be 

7 ' LxSD ' ' " ^ 
equal to —j, 

Dim. Through the Point G draw the Line GT perpendicular 
to DS, then will the right-angled Triangles DGT and DSP be 

fimilar, becaufe the Angles DSP and SDG are alternate, con- 

* ..» >• *^ ^^ _. ^_ * * 



fequehtly 

But by Miln. Conic. Se&. Part 

IV. Prop. 6. 
From the firft and 2d Step 

compared together ' 
Turning the 3d Step into an 

Equation. 



DG : DT 

DT = * L 



SD:SP 



DG : J L : tSD : SP 
DG^i^.CLE.D. 



then 



L E M M A IX. 
Things remaining as before, produce DG to C in Fig. 31, 

32, 33, fo that the Line DC may be equal to — gp- , 

will a Circle whofe Center is C, and Radius CD, be of the fame 
Curvature, and coincident with the Figure AD at the Point D, 
whether it be a Parabola, an Ellipfe or an Hyperbola. 

Dcmottfiration. 
I. For the Parabola. The fame Lines being drawn as in 
the, foregoing Figure, draw alfo through D, Fig. 31. the Dia- 
meter DY, and take a Portion of it as Dl equal in Length 
to the Parameter of that Diameter, and {let fall the Perpen- 
dicular IH meeting DG produced in H, and let L be the Latus 
re&um or Parameter of the Figure, then by the 3d Step of 



Lemma 8. 

The Angle HDI wants IDF 
to make it a right one, the 
Angle PSD wants SDP to 
make it a right one, but IDF 
and SDP are equal, Miln. 
Conic. Sea. Part IV. Prop. 
4. therefore HDI and PSD 
are fo alfo, the Triangles 
therefore HDI and SDP are 
fimilar; consequently 



DG:iL:;SD:SP 



SD : SP : : DH 



: DL 

From 
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From the ift and 2d Steps 
compared together 

By Miln. Conic. Sea. Part 
IV. Prop. to. Cordl, 

From the 3d and 4th Step 
compared 

Multiplying the Antecedents 
of the firft Step by 4. 

Compounding the fifth and 
forth Steps, that is mul- 
' tiplying them together 

Lemma 7> 

Comparing the 7th and 8th 
Steps 

Turning the 9th Step into 
an Equation 

Taking half the 10th Step 

From Lemma 8, 

Comparing the nth and 1 2th 
Steps 

Dividing the 13th Step by 
LL 

8 
Halving the 14th Step 

But by Suppofition 
Comparing the two laft Steps 



3 



5 
6 

7 
.8 



10 
11 
12 

'3 
14 

15 

16 
«7 



DGilL;:BH:DI 

DI =± 4 ! DS 

DG:£L::DH:4DS 
4DG:f L::4SD:SP 

+ DG* : Hf : : DH : SP 

4 

j. DG = SP 

4DG*:tt::DH:|DG 
, DG3 Jug* 

4 

DG3 = LLxJ > R 

__ L3XSD3 

~8SPT* 
DHxLL __ LLLxSD3 

~~s 85Pr 



DH = 



LxSD3 
~"SPT" 



CD = 



LxSDs 



2SP3 
LxSDs 

"I§pT 



CD = *DH 



But DH being perpendicular to PF, and the Angle at I a right 
one, it is obvious a Circle whofe Diameter is DH, (and con- 
fequently by the laft Step, whofe Radius is DC,) will' pafe 
through the Point I, 31. El. 3. ~*nd will have the Line PF for 
a Tangent to it at D ; but by Miln. Conic. Seft. Part III. Prop. 
1 1 . Corol. 1 . fuch a Circle will be of equal Curvature with the 
Parabola at the Point D * and the Circle and the Parabola will 
be alfo coincident with each other at that Point, becaufe the 

Line PF is a Tangent common to both. Q^ E. D. 

II. Fir 



ii6 
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II. For th$ Ellipju and Hjfxrbcla. Let AD in Fie. 32, be a 
Portion of an Ellipfis, in Fig. 33, a Portion of an Hyperbola, 
one of whofe Foci is S, its Latus Re&um L, and its longer 
Axis AB ; let PF be a Tangent at the Point D, and draw the 
Lines SP, SD, and DG as in Fig. 30 ; draw alio the Diameter 
Dd and produce it to I, fothatDI may be equal to the Parameter 
of that Diameter; let fall the Perpendicular IH meeting DG 
produced in H ; through the Center E draw the Senriaxis EQ, 
and the Diameter Ki conjugate to Dd} and to the longer Axis 
AB, the Ordtnates DM and KN ; and in the Hyperbola produce 
EK and HD till they meet in R. Then by the known Property 
of the Ellipfis and Hyberbola De L'Hofpit. Liv. 2. Prop. 2. and 
Liv. 3. Prop. 2* ~ ' 

Simfon*s Conic. Sedh 

Lib. 2. Prop. 19. and 

Lib. 3. Prop. 43. 
Comparing the 1 ft and 

2d Steps together, 

and extracting their 

Roots 3 EQ_: EA : : DM : ENT 

The Diameter J& being conjugate to Dd is by the Definition 
of fuch a Diameter, parallel to the Tangent PF, and consequently 
DH being perpendicular to that Tangent, the Triangle GER is 
a right-angled one, that Triangle therefore and the right-*nglcd 
one KEN are fimilar as laving in the Ellipfe, their Angles at E 
vertical ; iq the Hyperbola, common : The rightangled Tri- 
angles GER and DGM are alfe fimilar, as having their Angles 
at G in the Ellipfe, vertical ; in the Hyperbola, common : And 
confequently the Triangles KEN and DGM are fimilar in each 
Figure. 

DM:EN::DG:EK 



EQs CA* : : DM* : AMxMB 



AMxMB = EN* 



Therefore 

Comparing the 3d and 
4th Steps together 

The rightangled Trian- 
gles DER andDHI 
in the Ellipfe are fi- 
milar as having their 
Angles at Dcoaimon, 
in the Hyperbola as 
having their Angles 
at D vertical, confe- 
queotly 



EQ^: EA : : DG : EK. 



DE;DR:;DH:DL 



*y 



I • 
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By the Refintfion. 
' it tie Parameter 

DI, for the El* 

lipfe De L'Hof- 

pit. Lib. 2. Deft- 
nit- 13. for the 

Hyperbola Lib. 

3. Definit. 15. 
The Extremes of 

the two iaft Steps 

being the fame, 

theProdu&ofthe 

Meajwof the one 

muft be equal to 

tfceProdu&ofihe 

Means of the o- 

ther, th^t is 



iiy 



7 



8 



\ • 



Multiplyingthe8th 
Step by & 

By Simfon's Con. 
\. Seft.tib.2.Prop. 
ao.fortheEllipfe, 
Lib. 3. Prop. +5. 
for the Hyperbo- 
la 

From the 9 and 10. 

Dividing the 11 by 

DH 

By the Definit. of 
a, principal Para- 
meter 

Wherefore from 
the laft by Deft- 
hit. 10. Elem. 5. 

Multiplying the 
two laft together 

Comparing the 5 th 
and 15 th toge- 
ther* we have 

Multiplying the 
two bn Terms of 
the 1 6th Step by 

'•rib*'*""? 



10 
11 

la 



13 



, 



'5 



16 



DE i: EK : : % Efc r DI 



2EK* = DHxDR 

2 EK* = DH x DR x EK 



/ 



DRxEK = EAx EQ. 
2 EK' = DH x EA x EQ, 

.2JS* — EA-xEQ.' 
DH ' 



i L : EQ.: : EQ;. EA 



7 



EA» 



|L:EA::EQ«:EAl 
— : EQ.* EA : : EQ.» 

iP : EQx EA : : DG* : EK» 

4 



— : EQ.X EA : : 



a EK* 
DH T5H" 

Comparing 



: 



**8 

Comparing the 
1 2th Step and the 
17th together 

The Confeqaents 
in the 18th Step 
being the fame, 
the. Antecedents 
are equal, that is 

MultiplyingbyDH 
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V 



18 



19 



%o 



2DG» __ LL 

DH "~ 

iDG' = 



LLxDH 



But the laft Seep bare is the fame with die loth in (he De- 
monftration for the Parabola, from whence therefore the fame 
Conclufioo is «o be drawn here as there: for the Propofirion in 
Miln. Come Seft. referred to at the End of that Demonftration. 
relates alfo to both the Ellipfe and the Hyperbola. 

Demonftration of the Propofition above, to which this Note 
refers. 

»J*//- D £l **•«.*!• te . ■?«?«» of lhe Kg"re the revolving 
Body defalks, whether it be a Partbok, an EUitft, or an St 
ferSelas and let L be the Latus Reclum or Parameter of the Fi- 
gure j let the Seat of the retaining Power be at S, one of the Fo- 
ci thereof, and let the revolving Body be forced 1 at D :' draw 
the Line PD a Tangent to the Curve- at that Point, and let fall 
the Perpendicular SP. Perpendicular to> the Tangent draw the 

SfSLP V ^ r „ m fu PP° fe t0 ta tie *>*'« of a Circle as 
MDN, of the fame .Curvature, tbat the Figure ADX is at the 
Point 0. Then it is obvious, that the fame Force which dI*. 
ced at S would retain the revolving Body in the Circumference 
of the Circle when it came at D„ will retain it in the other Fi> 
gure, at that Point, they being at that Place one and the {ante 

Curve. But by Lemma 6, fiich Force is as sprV Calling 

then the retaining Power C ; we (hall have | 1 c . PS 
this Proportion, vk II sp* X R 

And fince the Circle MDN is of the fame Curvature and co- 
incident with the Figure ADX, its Radius t)C is by Lemma o, 

equal to the Quantity j-^p-r* puKhigiienR for the Radios as 
before we ihall have this Equation ' ' '" '« i»*SD 



Comparing the ift and 2d Step toge- 
ther, we fliall have this Proportion 

fctpungfogSP'** being both Multipli- 
cator and Divifor 



K = 



l * 




Oividtnn; 
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That a Body fiiall defcribe Figures fo diffe- 
rent j when the Power that dire&s its Courle is 
the fame, and ads by one and the lame Law, 
is owing to the Degree of Velocity the Body 
moves with. Thus fuppofing the central 
Power placed at S (in Fig. 34.) and that the 
revolving Body lets- off at D in the Dire Aion 
DB perpendicular to the Line DS, with fuch 
Velocity as it would obtain in falling by Vir- 
tue of that central Power only, half way from 
D to S, it will then, by Lemma a, delcribe 
a Circle as DKM, whole Center is the Point 
S.. If it lets off from D in the fame Dire&ion 
as before, but with a left Velocity, it then re- 
volves within that Circle delcribing an Elliple, 
as DLN, one of whole Foci is at S, the Seat of 
the retaining Power, and the other between 
that and the Point D, as at F. If it fets off 
from D with fomewhat greater Velocfty than 
what it would acquire by the above-mentioned 
Fall, it will ftill defcribe an Ellipfe, as DEO, 
one of whofe Foci lhall be at S as before, but 



LxDS* 



Dividing all by DS 5 

But 7 L is the Came, whatever Point 
of the Figure described the revolving 

Body is at, and may therefore be .$ q . 

considered as Unity, confequently * Db4 

That is, the retaining Power, if it be inverfely as the Square 
of the Difhmce, and feated in the Focut of the Figure, whether 
it be a Parabola, an Ellipfe or an Hyperbola, will djrelt the Courfe 
of the revolving Body in fuch Manner, as that it (ball defcribe 
the faid Figure. Q. E. D. 

G g 2 ' the; 
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the other fliall be beyond it as at G. If it fets 
off with a Velocity which is greater tfrtn that 
it would acquire by the above-mentioned Fill, 
in the Proportion of V 2 to 1, that is, the Square 
Root of a to 1, it ftill defcribes a Figure, one 
of whole Foci is S as before, but the other, as 
G, goes off to an infinite Diftance $ that is, the 
Figure defcribed becomes a Parabola, as DPQ^ 
whofe Focus is S. If it fets off with a greater 
Velocity than this laft, the Seat of the retain- 
ing Power remains Hill at S, but the other 
Focus G goes yet farther off; that is, it comes 
on on the. other Side the Point D as at H, and 
the Figure defcribed becomes an Hyperbola, 
as DRT, whofc Foci are S and H. 

From hence it is obfervable, that of the four 
figures there are but two wherein an exad 
Adjuftment is requifite between the retaining 
Power and the proje&ile Force, viz. the Circle 
and the Parabola. In the fortner of which, 
tne Velocity muft be Juch as the Body would 
acquire by falling half way to S, in the letter 
it muft exceed that in the Proportion of the 
Square Root of a to 1 ; that is, in the Propor- 
tion of fomewhat lefs than ii to 1. Thus 
for Inftance, if one Degree of Velocity is re- 
quifite to caufe a Body to revolve in a Circle 
about the Point S; it will require about one 
Degree and an half to make it defcribe a Pa- 
rabola by Virtue of the fame retaining Power 
feated in the fame Point S. ' 

a Again, 
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Again, the fame Figures {nay be defcribed, 
though the Seat of the retaining Power be in 
the other Foci, F, G; or H j for Inftance, if it 
be at F, in order that the Body may defcribe 
the Ellipfe DLN, it mull fet off at D with 
the fame Velocity it had in the former Cafe k 
when it came to N: If it be at G,- it will de- 
fcribe the EUipfe DEO, fitting off at D with 
the Velocity it had before atO : And if G, the 
Seat of the retaining Power be at an infinite 
Diftance, or in other Words (becaufe to fay a 
determinate Point is at &n infinite Diftance, is a 
contradidion in Terms) if the retaining Power 
ad: in fuch manner as it would do if the Seat 
of it was at an infinite Diftance ; that is, if it 
ad upon the revolving Body in Lines parallel 
to DG ; and with the feme Degree of Force, 
whether the Body be at D, at P, or at Q, ®c 
it will defcribe the Parabola DPQwith what- 
ever Velocity it fets off with from D. For to 
d&icribe a Circle round the Point G at an -in- 
finite Diftance; it muft let off with an infinite 
Velocity, becaufe, as obferved above, it muft 
fet off with the Velocity it would acquire by 
falling half way to that Point; now a Body 
will defcribe an Ellipfe round a given Point 
with any Degree of Velocity kfs then k will ■ 
defcribe a Circle with round the fame, as it 
was obferved that the Ellipfe DLN was de- 
feribed with Jefe Velocity * than the Circle 
DKM, but a Parabola is no other than an 
Ellipfe, one of whofe Foci is at an infinite 

Diftance, 
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Diftance, the Body will therefore delcribe a 
Parabola when the Seat of the retaining Power 
is at an infinite Diftance, with any Degree of 
Velocity lefs than an infinite one. 

This is the Reafon, that Proje&iles upon 
the Surface of the Earth are faid to defcribe Pa- 
rabola's, becaufe on Account of the great Dis- 
tance of the Center of the Earth, compared with . 
the Height Bodies can be thrown to, Gravity 
does as to Senfe, ad upon them uniformly and 
in parallel Lines. 

Again, when the Point G the Scat of the re* 
taining Power goes off at an infinite Diftance 
one way ; it immediately, or indeed ftri&ly 
lpeaking, at the fame Inftant, becomes the Point 
H at an infinite Diftance the other way ; fo that 
thole two confidered as at an infinite Diftance. 
are as it were one and the fame Point; and 
confequently it is the fame Thing whether the 
retaining -Power be at G an infinite Diftance to 
the Rights or at H an infinite Diftance to the 
Left^ and therefore the Figure will ftill be a 
Parabola, and may alio be defcribed with any 
Degree of Velocity ; only if it be at H, an in- 
finite Diftance to the left, the Power muft be 
negative in refpe& of what it was before; 
that is, it muft be of the repulfive Kind, as it 
is obvious it ought to be, to caufc the revolver 
ing Body to delcribe a Figure whofe Con- 
vexity is turned towards the Seat of the re- 
taining Power, 

If 



! 
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If the Seat of the retaining Power H cbmek 
nearer, lb as to be at a finite Diftance from the 
other Focus S, the Power . muft ftill be nega- 
tive, or repulfive j and! the Figure defcribed 
will be an Hyperbola, whtofe Foci are H and 
,S. And the Hyperbola in this Cafe may be 
defcribed whatever be the Velocity the Body 
lets off with ; for the central Force being of 
the repuHive kind, the Figure defcribed will 
ncceflarHy be convex totvaj-ds the Seat thereof, 
that is, towards one of itfe Fosi ; but none of 
the Sections of the Cone hive one of theit Fo- 
ci on the convex Side of the Figure, and at a 
finite Diftance from its Vertex, except the Hy- 
perbola (t>)« -. 

Hence 

(b) In order to evince tie TVutn of what is here affirmed, 
the following Lemma will be of Ufe. , 

. L E M M A ,X. 

Let the Curve line DPQjn Fig. 3.5. reprefent a conic Settlor*, 
One of whofe foci is S, ana let the Circle DKR be of the fame 
Curvature therewith at its Vertex D r then if the Curve be a 
Parabola, DR the Diameter of the Circle willjbte equal to, if it 
be an Ellipfe, it will be lefs, if an Hyperbola it will be greater 
than four times the Diftance DS» 

Demnftrat. of the Lemma. {By Milnes Conic. Seel. Part III. 
Prop. 2. Corpll. 5.) DR the Diameter of the Grcle is equal to 
the Parameter of the Axis of the Curve, whether k be a Para* 
bola, Ellipfe or Hyperbola, which let us call, L» 



Therefore 

1. But in the Parabola, by the 
Definition of the Parameter, 
(De L'Hofpit. Con. Sett. Livr. 
I. Def. 5.) , 

Comparing ift and 2d Step 



LrrDR 



DR=4DS. Q.E.D. 
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*. If (ht Carve be *n EU I 
Iipfe, let F be its other I 
Focus, then wiFl DP -f- 
DS be equal to its longer 
Axis, DeL'Hofp. Con. 
Seft. Liv. 2. Cor. 2. of 
die Definitions ; all its 
fhorter Axis, X, Then 
from the Definition of 
Che Parameter (De V 
Hofp. Conic. Se&. Liv. 
II. Def. 8.) we mall 
have* this Proportion 

Taming the laft Step-into 
a& Equation 

(By De 1/ fiofpit. Conic. 
Se£t. Liv. 2. Cotoi. 4. 
of the Definitions) the 
Square of half X is e- 
qualto DS X DF, that is 

Confequently 

Comparing the fifth and 
feventh Step 

Turning this Equation in- 
to a Proportion 

Comparing the ill and the 
9th Step 
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4 L:X::X:DS4-DF 
t * q 

L = 5s+!5F 



7 

8 



i = DS x DP 

X* = 4DSxDF 
4 PS x DF 

L — DS-fDF 
L: 4 DS::DF:DF+DS 

10 DR:4DS::DF:DF+DS 
But DF is Iefs than DF + DS 9 therefore DR is lefs than 4 
DS. Q^ E. D. 

3. If the Curve be air Hyperbola, let H be its other Focus, 
then will DH — - DS be equal to its longer Axis, by De L'Hof- 
pit. Con. Soft. Liv: 3. Coral. 2. of the Definitions : And call as 
before its fhorter Axis X ; then from the Definition of the Para- 
meter (De L'Hbfpit. Conic. Seft. Liv. 3. Defin. 8.) we (hall 
have this Proportion n L : X : : X : DH — DS 

Turning the laft Step into ( 

an Equation 



(By De V Hofpit. Conie. 
Se&. Liv. 5. CorolL 4. 
of the Definitions) the 
Square of half X is e- 
qual to DS X DH, 

/ thfltb 

therefore 



12 



«* 



t X V 

L -Dft-t)S 



* q = DSxDH 



i 4 lx* = 4 



DSxDH 



Comparing 



I 



i 



!' 






us=?£ 






r 
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Comparing the nth and 
. 1 3th Steps 

Turning this into a Pro- 
portion 

Comparing the ift and 
14th Steps 



15 
16 



T 4DSx'DH 
DH — DS 

L: 4 DS::DH:DH— DS 



DR:4DS::DH:DH— DS 
.But DH is greater than DH— DS* therefore DR is greater 
alfo then 4 DS. Q^ £. D. This being premifed, we may proceed 
to confirm what was laid down in the Text above. 

' }. Let the Curve DPQJ* a Parabola, and the Circle DKR 
being of the fame Curvature with the Parabola at the Point D, 
as. fuppofed above, the Velocity a Body ought to fet off with 
frorh D t to defcribe the Circle, is the fame with that with 
which it ought to, fet of£ to defcribe the Parabola : but the Ve* 
locity it ought to fet off with to defcribe the Circle, is by Lem- 
ma 2. inch as it would acquire by felling to S, becaufe DS being' 
(by Lemma 10.) a Quarter of DR, is equal to half the Radius 
of the Circle; calf this Space z: but the Velocity it ought to 
fet off with to defcribe a Circle, whofe Center is S, is fuch as it 
wpiild acquire by falling through half DS, which Space (becaufe 
the whole Lice DS is called 2) nmft be called one. Now the 
Velocities Bodies acquire by falling through certain Spaces are to 
each other as the Square Roots of thofe Spaces (by Part I. 
Chap. Cr § 6,) the abovementioned Velocities therefore are to 
each other as -y/ 2 to 1. That is, the Velocity a Body ought to 
fet off with from D (the Vertex of the Figure, and in a Dircc- , 
tion perpendicular to the Axis DS, which I would always h^ve 
fuppofed) in order to revolve in a Parabola whofe Focus is S, is 
to that it ought to have at the fame Place (and in the fame Di- ' 

rcttiori) to defcribe a Circle whofe Center is S, as */ z to 1. 

2. Had the Figure DPQ^been an Ellipfe, a Quarter of DR 
the Diameter of a Circle of the fame Curvature therewith, had 
been (by Lemma 10.) left thanD£; and ib the Velocity the 
revolving Body muff have had to defcribe that Circle, or (which 
is the feme Thing, becaufe of their equal Curvatures) the Ellipfe A 
would have been acquirable by falling through a lefe Space than 
DS, and therefore would have been a lefs Velocity. That is, 
it would have exceeded the Velocity requifite for a Circle, whofe . 
Center is S the Seat of the retaining Power, in a lefs Proportion 

than that of Vl"to i- 

3. If the Figure DPQbe an Hyperbola, a Quarter of DR is 
bigger than DS (by Lemma 10.) and fo the Space a Body muft 
fiuTthrongh to get a competent Velocity for that Carve, will be 
greater than what it muft fall through to obtain a competent 
Velocity for the Parabola: The Velocity therefore requilitefbr 

Hk tht 
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* * 

Hence we may obferve, that, fuppofing the 
Motion' of a revolving Body be fo adjufted, to 
the Power by which it is retained, that it ffiall 
defcribe a circular Orb, and its Velocity be 
afterwards altered by fome Accident, aftd 
thereby the Adiuftment thereof to the central 
Force deftroyed, that Body fhall not imme- 
diately fall to the Center : the Form of its 
Orbit only will be altered, and from being 
circular, will become elliptical, parabolical, 
or hyperbolical, according to the Alteration 
made in its Velocity. Let its Velocity be di- 
minifhed in any Degree whatever, or let it be 
increafed, fo it be in a lefs Proportion than as 
V a to i, its Orbit becomes an Ellipie; if it 
be increafed exadly in that Proportion, a Pa- 
rabola; if in a greater, an Hyperbola. Hence 
we have a probable Reafon why the Orbits of 
the Planets are now elliptical; for fuppofing 
them'to have been circular at firft, as it is not 
unlikely they were, yet upon the firft Diftur- 
bance in their Motions, whether from their 
mutual A ft ion upon each other, the Refiftance 
of the Medium they revolve in, the Accefs of 
a Comet, or any other Caufe whatever ; and 
whether their Motion be increafed or decreafed 
thereby, provided it be not increafed in a De- 

the Hyperbola exceeds the Velocity required for a Circje whofe 
Center is S, in a greater Proportion than, that of VTjto I. 
From which all that is aflerted above inr the Text to which this 
Note refers, except what is there otherwife accounted for, may 
becolkcled. 

1 gTO 
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gree beyond the Proportion above laid down, 
their Orbits would immediately become ellip- 
tical. Should the Motion of any of them be 
increafed in or above the faid Proportion, its 
Orbit would accordingly be changed into a 
Parabola, or an Hyperbola, and the Planet 
would go off> never to return. 

Prop. VIII. If the Force of the central 
Power decrcales as the Square of the Diftance 
increafes, and leveral Bodies revolving about 
the fame, defcribe Orbits that are elliptical* 
the Squares of the periodical Times of thofe 
Bodies will be to each other as the Cubes of 
their middle Diftances from the Scat of that 
Power ( h). 

(k) To demonftrate this Proportion, let the following Lem- 
ma be premifed, 

■ L'EMMA XL ' 

The Area a revolving Body defcribes, is as its Velocity mul- 
tiplied by a Perpendicular let fall from the Seat of the retaining 
power to a Tangent at that Point of the Curve where the Body is. 

Dent, of the Lemma. Let AB in Fig. 36. be the Curve de- 
fc'ribed, DC a Portion of the Curve defcribed in the lead Time 
poflible,' then will DC reprefent the Velocity of the Body ; pro* 
duce DC to P, then will DP be a Tangent to the Curve : From 
S the Seat of the retaining Power let fall the Perpendicular SP,* 
draw DS and CS ; then will DCS be the Area the Body de- 
fcribes, but DC by reafon of ifs fhortnefs may be confidered as a 
Straight line, the Area DCS is therefore a Triangle, which is 
had by multiplying the Bafe DC into half the Perpendicular SP, 
• therefore it is proportionable to DC multiplied by the whole Line 
SP, that is, to the Velocity of the revolving Body multiplied by 
a Perpendicular let fall from the Seat of the retaining power to) 
a Tangent at that Point of the Curve where the Body is. Q^E. D. 

Dim. of the Propofition. Let ADB and adb in Fig. 37 and 38. 
reprefent two Ellipfes, whofe principal Parameters are L and L, 
and let S be one of the Foci of the one, and s one of thofe of 
the other, and let the Ellipfes be fuppofed to lie in fuch manner 

Hhj upon 
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upon one another, that the Points S and / may be one and the 
lame Point, which' let ns fuppofe to be the Seat of the retaining 
Power ; and let the revolving Bodies be at D and d, throngs 
which draw the Tangents PD apd pj 9 the Perpendicolais P$ and 
DC, and fs and de> and the Lines DS and d$\ and let DC and 
dc be Radii of Curvature to the Points D and d; and let the 
Force of the retaining Power at the Diftarice'SD be called R 
and at the Diihrrce sd be called/*, arid let the Velocities of the 
revolving Bodies when at the Points D and dbc called V and v\ 
Then becaufe by the Proportion the Force of the central or re- 
taining Power is fuppofed to decreafe as the Squares of the Dif- 
tances SD and sd increafe,- that is, to be reciprocally as th$ 
Squares of thofe Diftances, we mall have for the firft Step of the 

following Procefs, this Analogy, viz. 1 1 1 F : f : : -J^- * i 

Parallel to the Tangents draw the Lines SH and sb t and let the 
Force of the retaining Power which afts upon the Body at D in 
the Direction DS be refolved into two others, viz. DP and DH^ 
the former along the Tangent DP, the latter along the Radios 
of Curvature DC, then it is obvious that it is by this Iattier #orc$ 
only that the revolving Body is retained in the Circle whofe 
Radius is DC, that is, in the Ellipfe at the Point D, the other 
Force along the Tangent only accelerates the Body when movirfg 
towards A, and retards it if moving towards B. To computer 
the Quantity of Force in the Direction DC, fay as DS is to DH 

fo is the oblique Force F, or inftead thereof 1L. (fee Sfep the 

i ft) to a fourth Number, which fourth Number by the Golden 

Rule will be 5^ , or (becaufe SP is equal to DH) JL ; andm 

Eke manner we fhall have •— for the Force retaining the other 

Body in the Circle whofe Center is*; but by Lemma 3. the 
Force neceflary to retain a Body in a Circle whofe Radius is CD 
is expreflible by the Square of its Velocity divided by the Radius 

of the Circle it defcribes, that is, in the prefent Cafe by — *L • 

• 7 1 CD 

And in like manner the Force retaining the other Body in it* 

•SP # st # . V<1 z* 

SD 1 : n* :: CD'7j 

Wjultiplying 



Circle, will he *~> conifequently [2 f 
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Multiplying the 
laft Step by CD : 

Since CD is fuppo- 
tcd to be the Ra- 
dius of a Circle of 
equal Curvature 
with the Figure, 
we (hall have by. 
Lemma 9. thefe 
Equations, <viz. 

Comparing the 3d 
and 4th Steps 

That is, by redu- 
cing the lad Step 
to Tower Terms 

Extracting the 
Square Root of 
ea.cji Teim 

Multiplying by SP 
:sp 

But by Lemma 2. 
the Area one Bo- 
dy defcribes is to 
that which the 
other defcribes in 
the fame time, as 
VxSPtoa>X#, 
which Areas call 
A and a, and we 
{hall have this 
Proportion, v jz. 

Comparing die 8th 
and 9th Steps 



5 



8 



10 



op - 



SP v LxSD» s* 



Ixsd* 



SPq 

SP 



2sr 




V*:vt 



— ; : V : v 



VL : VT: : V * SP : v X sp 



A : a : : V x SJ? : v X sp 
A: a :' i/L7v7" 



Now the Are^ of the whole Ellipfe AD J is to that of the 
other adb y as AB the longer Axis multiplied by QN the fhorter, 
to ab x ft, thofe Quantities therefore may be put for, the Area* 
themfelves : If then we call the Time in which the Areas A and 
m. are defcribed in, one, (as one Hour, or one Minute fuppofe) 
and the 'Times the whole EUipfet are defcribed in, T and / ; we 
mail have (fince the Area a revolving Body defcribes is propor- 
tional to the Time it is defcribed inj the following Analogies, 
Viz. 1111 1 : T : : A : AB X QN 

And li*] I : f : : a - ab X qn 

Comparing 



24° 

Comparing the* 1 
3 laft Step to-/ 



By De L'Hofpital 
Conic. Sea. liv- 
2. Def. 8. 

Turning the M 
Proportion into 
tn Equation. 

Extraaing tbe 
Square Roots of 
each Side of the 

And in like i 

Comparing 
13th ana. 17th 
Step* together 

And comparing the 
1 4th and 18th to- 
gether ■ 

Dividing the latter 
Part of the 19th 
Proportion 

Dividing the latter 
Part of the 20th 
roportion by y// 
m pa ring die 
[ft and zzd 
laring each 
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I > T : ; ^L : AB X QN 
I : * : : J7: ah X qn 

AB:QJJ!:QN:L 
ABxL = QN» 



•Jab X V7==e* 

I :T: : JU: AB xVaB x VV 

lit:: ^1-ab X •Jaix <JT 

i:Ti:i:ABx v'AB 
I : * : : I •■ab X ^^J" 

T:<i.ABx v 'AB:oix V^» 

TT : « : : ABa X AB : eb\ X tfi 

at i» is TT : tt : : AB' : ffo» 

But half the longer Axis ABU equal to the middle Diltance 

, (De L'Hofpim Conic. Sea. Liv. z. Corel. 3. of the De- 

ptin-i) therefore fince Halves are proportionable to tacit 

I |s6|TT:«::SN':»'. Q.B. D. 
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Prop. IX. If the retaining Power decreafes 
fomething fafter as you go from the Seat there- 
of (or which is the fame thing, increafes fome- 
thing fafter, as you come towards it) than in 
, the Proportion mefttion'd in the laft Propofi- 
tion, and the Figure the revolving Body de- 
fcribes be not a Circle, the Axis of that Figure 
will turn the fame Way the Body revolves ; 
but if the faid Power decreafes (or increafes) 
fomewhat flower than in that Proportion, the 
Axis of the Figure will turn the contrary Way. 
Thus, if a revolving Body as D, Fig. $p m 
palling from A towards B defcribes the Figure 
ADB, whofe Axis AB at prefent points to- 
wards M and N, and the Power whereby it is 
retained decreafes fafter than the Square of the 
Diftance increafes, after a Number of Revolu- 
tions the Axis of the Figure will point towards 
O and P, and after that towards Qjand R, Sfe. 
revolving round the fame Way with the Body, 
and if the retaining Power decreafes flower than 
in that Proportion, the Axis will turn the 
other Way. (/) 



(1) Dem. Let S in Fig; 40. reprefent the Seat of the retain- 
ing Power, and let a Body as D, defcribe the Orb ADB palling \ 
from A towards B ; and ' let another as N defcribe a revolving 
Orb as MNO equal and fimilar to the former ; and let both the 
Orbits be defcribed in the fame Time ; and let the Velocity 
wherewith the Orb MNO revolves be fuch, that the Angle 
ASN (hall always be proportionable to the Angle ASD. To 
explain this a little farther, fuppofe that when the Bodies N and 
D fet out ftom M and A, thofe two Points were then together . 
at' A 5 or that the Orbits did theh coincide ; but that N advances 
forwards in fuch Manner, as that if the Angle ASN is at any 

time 



time dooMe, treble, or in any dthef Proportion* df (ht Angle 
ASD, it (hall always be fo : That is, that the Line SN Audi 
always move fader" or flower than the Line Sf) in fome certainl 
Proportion ; and thai the Point Afftall fohW or go from the 
Body N, fo as that the Arch MN fhaH always be equal to the' 
Arch AD. And let it farther be fuppofed that the Line 9N is 
always equal to SB. 

The ftrft Jnqtfry which arifes here is, whether thft be a* 
pofllble Cafe j that is, whether the. Body N moving with the 
abbve-irierifibried tfeflri&ions, the Line SN can defcribe Areas 
proponiorttble td the Times, becaufe as was fhewn, Part. I. 
Chap. 8. thatisalways reqahSte where Bodies revolve round a* 
central Force, and are retained in their Orbits thereby. Let it 
then be confidered in the" firft Place, that the Body D revolving^ 
in the quiefeent Orb ADB may do (d, its Motion being clogged 
with none of thofe~Suppoiitiohs ; fecondly, that the LJne NS is' 
always equal to DS, and the Velocity wherewith' its Extremity 
hT moves forwards, is proportionable' to that which D the Extre* 
snity • of the other* moves with ; arid cofifequently the Areas 
which one defcribes, (for the* Areas depend folely on the Length 
and Velocity of the Lines that "defcribe them) will be propor- 
tionable to thbfe which the other defcribes : Since then thdfeof 
the former may be proportionable to the Times they are de-* 
fcfibed in, it is pofllble thofe of the latter may be 4b too; the 
SuppofiHon therefore above laid down is not abfurd.' 

The next Inquiry is. by what Law the Action of the central 
Force at S rauftdtcreafe as ^we recede from it, that a Body as N 
may defcribe the revolving Orb MNO in the manner above- 
mentioned. Or, which will anfwer our Piirpofe as well, how 
the Force necsiTahy to retain the Body Ndefcribing the revolving 
Orb MNO, mail differ from that which is requifite toTetain the 
other Body D defcribing the quiefeent Orb ADB equal and 
fimilar thereto. 

In order to this, let DR, in Fig. 41 ( reprefent a Portion of the 
quiefeent Orb defcribed in the lead Time pofllble, this then may 
be confldered as a (trait Line ; and let the Motion of the Body 
along thfe Line* be refolved into two, the one towards S along the 
Lme DT, and another along the Line TR at right Angles there- 
with 5 then will DJ* reprefent the Velocity wherewith the Body 
defcends towards S, and confequently the Action of the central 
Force whereby it is retained in that Arch 1 and TR will reprefent 
that by which it advances forwards in the mean time* Let it now 
be fuppofed that the Orb ADB advances forwards,' while the 
Arch DR is defcribing ; but not by Virtue of any additional Force 
in the Center; but by fome extrinfic one, no matter what ; Trtet . 
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is, fuppofe that the Line SD turns round the Point S fa iter than 
it would otherwife have done, carrying the Body with it fo much 
the rafter ; but that the Body defcends towards S along that Line 
juft as it did before : That is, in other Words, that the Line DT 
which reprefents the Def cent of the Body, is of the fame Length 
as before; but' that the other Line TR which reprefents the 
Progrefs of the Body forwards, is', longer than it was in the other 
Cafe. Let it then become TQj in which Cafe, the Body mov- 
ing over the Line. DT and : the Line TO in the fame Time, 
will in reality get to the Point Qj But obferve, that the Point 
QJs farther from S than the Point R is, becaufe the Angle at 
T is a right one ; whereas the Law which we laid down above 
for the Motion of a Body describing a revolving Orb was fuch, 
that at, the End of the Time in whjch DR would be defcribed in 
tfee. quiescent Orb, the Body in the revolving Orb, (hould be at 
the, fame Pittance from S as if its Orb had not revolved ; if 
then round the: Point S, we defcribe a Circle as RFG, and thro* 
S 4raw the Line QG, N muft be the Point the Body muft come. 
to. Since tjhen. the Body in defcribing the revolving Orb with- 
out any Addition, to the central Force above what would caufe 
it to defcribe, the quiefcent one, would come to Qj but with 
fuch an Addition as is neceiTary to make it revolve in the man- 
ner above laid down, it comes to N, it is obvious that the Line 
QN being tljte Drftance between thofe two Points will aptly re* 
prifent that Addition. It remains then to get the Meafure of 
that Line, which may be done in the following manner. 

Produce QTto F, then (by. 35. EL 3.) will the Redangle 
QN X QG be equal to OR X QF. Therefore 

QNxQG=QRxQF 

QN - QR x QF 
^ N - QG 

Let it be obferved then in the firft Place, that as the Motion 
of revolving Bodies is fuch that they defcribe equal Areas in 
equal Times, the longer the Line DS is (that is the nearer D it 
to A, fuppofe) the fhorter the Line TR mud be, and for the 
fame Reafou alfo the Line TQj That is, both TR and TQ are 
reciprocally as SD, which let us put thus 



Dividing by QG 



I 



And 

Qbfervefecondly, that finceRF 
is a Chord qf a Circle, and 
ST perpendicular tQ it S 



TR 



SD 



TC l : gS~ 



RT = TP 
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FromtheFipo. | 6 % = ^Itr 

Becaofe RT andTF are eqqal | 7 QF s ^Qi±JL*\ ,_. 
Since then by the 3d and 4thStep». T R ^%T«2 
reciprocally at SD. and by thel Sd»and 7* S«p*. <tf »«pal 
to the Sum of thofe lines, and QR » eq°al *» *** ?* foe ^' 
it b obrious that QF and QR are alfo each waprocaUy at SD. 



which pat thai 



QF: 



SD 



Q- R: sTT 



And- *. *jur 

Multiplying the 8th and 9 th I I qr x qj^ 
Steps together ■ I SD* 

Obferve alfo that when the Points D, T, R, Q.and N coincide, 
Which muft ever be fuppofed, becanfe we are all this \Jimt icon- 
fiderine only what is done at one and the fame Point of the Curve 
ADB, QN is nothing with refpe& to NG, therefore QG and 
NG are the fame Line j therefore QG may be faid to be as NG, 
or as half of it, was. RS, or which will be the fame Thing, 
DS ; therefore inftead of QG in the zd Step, we rnaypnt DS, 

•vnt QfexQf 
and then it will ftand thus u QN = *=*- 

The i ith Step without altering 
the Value of it, may be fet thus 

Comparing the 10th and iath 
Steps together we have 



Tfatis 



12 
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That is, the Line QN, or the additional central Force requi- 



QN: 



x 1 



fite to caufe a Body to move in a revolving Orb muft be recipro- 
cally as the Cube of the Diftance of the revolving Body from the 
Seat of the retaining Power. Whereas then, when the centripe- 
tal Force decreafes as the Square of the, Difbnce increafes, the 
revolving Body defcribes a Parabola, an Ellipfe, or an Hyperbola; 
if to that centripetal Force be fuperadded another, that (hall de- 
creafe as the Cube of the faid Diftance increafes ; thofe two For- 
ces acting conjointly upon a revolving Body fhall caufe it to dtf- 
cribe the fame Figure as before, but the Axis thereof fhall revolve 
the fame Way that the Body does. 

But obferve here, that if a Force decreafes (after in any Degree 
whatever than tne Square of the pittance increafes, but flower 
fhan the Cube, that Force is the Sum of two Forces, one of 
which decreafcf as (he Square, the other as the Cube of the 

Diftance 
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» * . 

Thus it is the heavenly Bodies, viz. the 
Planets both primary and lecondary, and alfo 
the Comets, perform their refpe&ivc Revolu- 
tions. The Figures in which the primary 
Planets and the Comets revolve, are Ellipfes, 
one of whole Foci are at the Sun. The Areas 
they defcribe by Lines drawn to the Center of 
the Sun, are in each proportionable to the Times 
in which they are defcribed. The Squares of 
their periodical Times are to each other as tho 
Cubes of their middle Diftances from the Sun. 
Thfc fecondary Planets defcribc alfo Circles or 

Diftance increafes. Thus for Thftance, let the Diftances be as 
a to 1, the Squares of them will be 4 to i, their Cubes 8 to 1 ; 
and let the Forces be as 6 to 1 ; I fay, this Proportion will arife 
from adding 4 to 1 to 8 to 1 ; for 4 to I added to 8 to 1, is \z 
to 2, that is 6 to 1 . Again, let the Forces be as 5 to 1 ; I fay, 
this alfo will arife from adding 4 to 1 to 8 to 1 ; for inftead of 
4 to 1 let us take 1 2 t© 3 which is the fame Thing, this fuper- 
added to 8 to 1 makes 20 to 4, that is, 5 to 1 . Again, let the 
Forces be as 7 to f ; this alfo is" the Sum of 4 to 1 added to 8 to 
1 ; for inftead of 8 to 1 we may take 24 to 3, which added to 
a. to 1 gives 28 to 4, or 7 to 1 . And the fame for Fra&ions : 
fo that let a Proportion be what it will between 4 to 1 and 8 to 
1, it may be confidered as arifing from 8 to 1 added to 4 to 1. 
When the retaining Power therefore by which a revolving Body 
is kept in its Orbit, decreafes fafter than the Square of the Dis- 
tance increafes, but not fo faft as the Cube thereof does ; it is a 
Power decreafing as the Square, having another Power decrea* 
fing as the Cube of the Diftance fuperadded to it ; and therefore 
as the Propofition in the Text aflerts, if the retaining Power 
decreafes fomething fafter, &V. Q^E. D. As to the Figures 
turning the contrary Way, when the centripetal Forces decreafes 
fomewhat flower than as the Square of the Diftance increafes ; 
that is but the Converfe of this, and therefore needs no particu- 
lar Demonftration. 

I i 2 Ellipfes, 
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Ellipfes, one of whofe Foci arc in the Center 
of their Primary Giles, The Ar£a that each 
defcribes by Lines drawn to the Center of its 
Primary, is proportionable to the Time it is 
defcribed in. The Squares of "the periodical 
Times of the Secondaries belonging to the fame 
Primary, are to ekch other as the Cubes of 
their Diftancfes from their Primary. Arid 'above 
all, that very Force by which Stores or Jieavy 
Bodies fall to the Stirftce of the Earth tfvith us, 
is at the Diftance of the Moon, jttft Cuffieient 
to retain her in her Orbit, fuppofio£ it to de* 
cre^fe as we go from the Center of the -Earth 
in that Proportion, in which the Caufe, that 
retains her and the reft of the Planets in their 
Orbs, whatever it be, muft do to make them 
elliptical (I). And farther, which alio is a 

neceflary 

(l) To find out whether this be fo or hot, let us emulate 
what Velocity the M^ on would acquire, were l Ae io fall half 
way to the Center of the Earth by Virtue of that feravity, 
whereby heavy Bodies tend to the Earth ; and compare it with 
the Velocity flie moves with in her' Orbit; becaufeby Lemma 
2 of this Chapter, if fhe be retained in her Orb by' that Gravity, 
thofe Velocities ought to be the fame. The mean 'pittance of 
the Moon from the Earth in round Numbers is 60 Semidiame- 
ters of the Earth, therefore'the Force of Gravity at the 1 Diftance 
of the Moon is the Square' of 60 times lefs than it is at the Sur- 
face of the Earth ; therefore the Fall of a Body at "tliat £)iftance 
in a Second of Time, will be fo many times lefs 'than it is here; 
but the Fall of a Body here in a Second, is about "15 'Paris Feet, 
Confequently at fhe Moon it is but ,,004166 Feet. The Space 
therefore it would move over in a Second, with the Velocity ac- 
quired by that Fall, is, by Part I. Chap. 5. f 7. twice that 
Quantity, <viz. ',0083^ 2 Feet, whicli'Number therefore may be 
put to exprefs its Velocity. • Now becaufe the Verocities'Bodies 

,* * f acquire 
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ncceffiuryXirt»firquencet>f /what we arbour to 
lay down, the Motion of the Planet Satutti fe 
obfevfed ,to bfe difturbcd \xf:Jtpiter\ aad fhe 
Secondaries of Jupiter to t be dittarbcd in fhefc 
Motions upoh the nearer Approach of &dtwm^ 
and the-Coutfe of the Moon is incefldntly ;ai* 
tered by the Action of the San, in fitch man* 
ner as to tarafe all thofe Irregularities mentioned 
in Chapter the Sth of this Part. All which, 
together With the Preceffion of the Equirtoftial 
Point*, the Ntatition of the Poles of the Earth, 1 
adkd the Phaenrfmena bf the Tides, which na«- 
toraily flow frdm it, mrfke it extremely pro*. 
bable'thatthere»is> Virtue diffufed abotf t the 
Srfn and Planets, hot unlike that of Attm&on, 
wMch'dediedes las the Squares of theDiftances 
fiarn the Centers of thole Bodies increafe, and 



acquire "By 4 fa!lmg, are ds the fquafe Rodts'6f the Spaces the/ 
fWl trough, Ffh-I. Chap. 5->§ & 3ay, as *Ke Squate jRoot of 
,oclfi 66, is to the Square Root of . 590866 1 /o, which h hatf 
the Semidiameter of the Moon's Orbit, (fuppofiag the §eipidia- 
meter of the Earth' to be 19695539 Feet, which is Cdffin?* 
Meafure^ slnd k the JDiftance^of • the Moon Jfrom the Emh> ta.be 
60 Semidiameters as .above) fo is ,oo&£3Z to 3135 Feet, which 
is therefore the Space the, Moon would move over in a SeconSi 
vrfth'- f the"¥elocity ftie would acquire fy %3ling half way to thrf 
Center ;$f the Earth. ' ;Bot'this com«sivi#i$i;an; huii<Ji$dth 8|r* 
of* her Velocity in. her Orbk, as may jtafrfy be calculated from 
trie Time Are revolves In, viz.'zj^p/'^ Hours atfd 43^1- 
ndtes, ' aid' the Semidiameter of ner/O&it, '^hich accoixfcng to 
the Meafures we have taken above, is 1 1 81732340. That Force 
therefore .by- which. Bodies fall to the Ground with us, is, at. the 
Dtftance of the Mbon fach as is feqiiirlte to dife& her Ooni4e. 

#■ B. ;The Propbrtkm-of'g PttfisVtool to, that Df :E*gl*id> 
is as 367.196 to.3438oo. - 

a£te 
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ads upon Bodies in Proportion to the Quantity ■ 
of Matter they contain. 

This being allowed, it will follow, that as 
the Sun attrads the Planets, and thereby re- 
tains them in their Orbs, they in like manner 
attraft the Sun, though with Forces propor- 
tionable only to the Quantities of Matter they 
contain ; fo that ftri&ly {peaking, each prima- 
ry Planet revolves not about the Center of the 
Sun, but about a Point which is the Center of 
Gravity between the Sun and that; and that 
the Sun moves alfo round that Point, and is al- 
ways oppofite to the Planet with refped there- 
to : And likcwiie that the Center of the fblar 
Syftem is not in any one Body, but in the 
common Center of Gravity of all the Bodies 
of which it confifts. But then the Sun is fo 
immenfely large in refped of any one, or all 
of thofc Bodies put together, that that Center 
is very near the Center of the Sun. In like 
manner, the Moon does not revolve about the 
Center of the Earth as a Point at reft, but the 
Earth and Moon revolve each about the Cen- 
ter of Gravity common to them both, which 
Center of Gravity it is, and not the Center of 
the Earth, that defcribes the Orbit the Earth 
is commonly laid to revolve in. And lb of 
the other Planets which are attended by Se- 
condaries. 

The Irregularities in the Motion of the Pla- 
net Saturn, and thofe of the Secondaries of 
Juftter^ owing to the Caufc abovementioned, 

arc 
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are (b exceeding fmall, that it fyall fuffice to 
have juft mentioned them. 

The more remarkable Effeds of the difturb- 
ing Force of the Sun, are the lunar Irregularities, 
the Preceffion of the Equino&ial Points, the Nu- 
tation of the Poles of the Earth, and the eb- 
bing and flowing of the Sea, which fhall be 
particularly confidered in thefollowing Chapter* 



CHAP. XIX. 

Of the Lunar Irregularities, the Pre* 
ceflion of the Equino&ial Points, 
the Nutation of the Poles of the 
Earth, and the ebbing and flowing 
of the Sea. 

I. r I ^O account for the lunar Irregularities, 
J let S in Fig. 42. reprefent the Sun, 
T the Earth, and LMNO the Orbit of the 
Moon, and let the Moon be in one of its Qua- 
dratures at L, and let the Lines LS and TS be 
drawn, It is obvious, that the Tendency' the 
Moon has towards the Sun is along the Line 
LS, and that which the Earth has, is along the 
Line TS: Let then the former of thefe be re- 
folved into two others, the one along LA pa- 
rallel and equal to TS, the other from L to T 

, along 
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along ths Lin? LT. The former of theft 
Tendencies being parallel and equal to that 
whereby the Earth tends along the Line TS, 
alters not the Situation of the two Bodies 1L 
and T with relpe& to each other ; that is, it 
difturbs not the Motion of the Body L ; but 
the other along LT increafes its Tendency to- 
wards T. 

And this Iqcreafe will be to the Tendency 
the-Meon has t& A, which is the feme the 
Earth has to S, as the Diftance LT to LA, or 
TS. Or in other Words, the Gravity of the 
Moon towards the Earth in the Quadratures is 
augmented by the A&ion of the Sun ; and 
that Augmentation is to the Tendency the 
Earth has to the Sun, as the Length of the 
Line LT, or the Diftance of the Moon from 
the Earth, to TS the Diftance of the Earth 
from the Sun. 

So that the greater the Moon's Diftance is 
from the E^rth, the Diftance of the Sun r&* 
maining the lame, the greater will tjiis iqcreafe 
pi the Moon's Gravity towards tt*e E?rth bp, 
But if the Diftancp of tjie Moon from the 
Earth remains the fame, and the t Diftance of 
thp Sun be augmented, this additional Increafe 
will be the left in Proportion to the Cube of 
that Diftance (a). 

Let 



fa) For, if T8 be increased, while LT remains the fame, 
i,T Will be fo much the left with sefpeO to TS, that Is the In- 
jpwftft will be diminifhed in Proportion to the Sun*s Pi fiance : 

But 
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Let now the Mooa be in one of itt Syaygies 
at My then will the Tendency file has to the 
Sun over and above what the Earth has, which 
ie farther off at T, be to that which the Earth 
has, as the Difference of the Squares of SM 
and 8T is to the Square of SM : but the Dif- 
ference between the Squares of SM %nd ST 
bears fueh Proportion to the Square of SM as 
twice MT, that is MO, does to SM; becauft 
the Difference between the Squares of two 
Numbers that are nearly equal (a* SM and ST 
are on account of the great Defiance of S) bears 
double the Proportion to the Square of the 
fcflfcr Number, that the Difference between* 
the Numbers thecafelve* bears to the leffer 
Number (my The Tendency therefore the 

But when TS the Diftance of the Son is increafed, the abfolute 
Force [of the San, and therewith the aforementioned Increafe. 
will be diminiihed alfo in proportion to the Square of that Dif- 
tance, confeqnently taking in both th6 Accounts, it will upon 
the whole, Tbe diminiihed in Proportion to the Cube of that 
Diftance. 

(m) Dem. Let a be the kflfer Number, and * 4* £ the farm-, 
and let their Difference b hear no fenfibJe Proportion to the lefc 
fix a. 

Then the Square of the leffer is 1 am 

The Square of the larger is — — . «*+ 2«4 •{*> ft 

The Difference between thefe it ' lab 4- lb 

And bb being rejected as inconfiderablt, die •% ' 1 r 

Difference is only y 

Now the Proportion of zai to a* is (taking a 7 %Ltt\a 

out of each Term) > ** 

But 2b to a, is double the Proportion that onee B ha* to*,, and , 
therefore the Difference between the Squares* of the two Numbers 
bears double the Proportion to the Square of the leffer Number, 
that the Difference between the Numbers themftlves bears to thf 
fefler Number. Q.B. D. * • . 

Kfc M«* 
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Moon when at M, has to the Sun, over and 
above what the Earth has, is to that which 
the Earth has, as MO, or twice LT, to SM, 
or becaufc of the Sun's great Diftance, as twice 
LT to TS» Her Tendency therefore to the 
Earth is now diminifh'd in that Proportion: 
But as was fhewn above, it was augmented in 
the Quadratures in the Proportion only of LT 
to TS. The Diminution here is therefore dou- 
ble of the Attgmentatiem there. ^ : 

And whereas that Augmentation, when the 
Diftance of the Sun remains the fame, was 
fhewn to increafe with the Diftance of the 
Moon ; but when the Diftance of the Moon 
remains the fame, tc* decreafe with the Cube 
of the SunY Diftance; this Diminution being 
always double of that, will do the fame, 

When the Moon is in the other Syzy gy at 
O, flie is attracted towards the Sun leis than 
the Earth is by the Difference of the Squares 
of SO and ST ; which as to the Effeft, is the 
fame Thing as though the Earth was not at- 
tracted at all towards S, and the Moon were 
attra&ed the contrary Way, fo that her Ten- 
dency to the Earth is here alfo diminifhed, as 
well as When fjhp was at M, and almoft in the 
fame Degree; for on Account of the Sun^ 
great Diftance, the Difference between the 
Spuares of SO and ST is nearly the fame as 
between; ST and SM. 

„ Of* jbecaufe this wgy of accounting for the 
piminution of the Graylty of the Moon to* 
t :\ -'' warcls 
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wards the Earth in the Syzygies may not be 
fufficientiy clear, it may be confidered other- 
• wife, thus. The annual Courfe of the Mooh 
round the Sun being performed in the fame 
Time that the Earth's is, fhe ought to be re- 
tained in that Courfe by the fame Force that 
the Earth is, whereas when file comes ro M, 
the A#ion of the Sun upon, her is greater than 
it is upon the Earth, by the Difference of the 
Squares of SM and ST ; and when fhe is at O, 
it is lefs than it is upon the Earth by the Di£ 
ference between the Squares of ST and SO : 
So that in the Jbrmer Cafe fhe is drawn too 
much towards the Sun, and in the latter too 
little ; and therefore in both Cafes her Tenden- 
cy towards the Earth is diminifhed ; and almoft 
in the fame Degree; becaufe, as was obferved 
above, the Difference of the abovementioned 
Squares is nearly the fame in either Cafe. 

Let the Moon be in a Point of ,her Orbit 
between the Quadrature and the Syzygy, as 
at L in Fig. 43. Then being : nearer the Sun 
than the Earth is, fhe will be attra&ed with a 
ftronger Force: Let it be exprefTed by LS 
produced to D 'till LD is of fuch Length, 
that TS being put to exprefs the A&ion of 
the Sun upon the Earth, LD miy> be long 
enough to expreis the ftronger Force pf the 
Sun upon the Moot : And let LD be 'refol ved 
into two others, one of which let be LA equal 
and parallel to TS, then will the pther be 
AD, or its equal and parallel JLG. This LG 

K k 2 - • 19 
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is die only difturbing Force upon the Moon at 
I*, the other LA being parallel and equal to 
TS, afie&s the Moon juft as the Sun does the 
Earth ; and fo alters not their Situations with 
refpcft to each other. Let then, to avoid a 
Confafion of Lines, this Figure with the Line 
XG, be removed to the 44th. This Force 
LG may be refolved into LI and LH, the one 
4i Tangent to the Orbit of the Moon, and the 
.other perpendicular thereto: The former ac- 
celerates the Motion of the Moon when going 
itom the Quadrature at Qjto the Syfcygy at B; 
*nd will retard it when going from B to R. 
The other when H falls upon TL produced, as 
4n this Figure, diminifties the Tendency of ^he 
Moon towards the Earth, and when it faOs 
between L and T, it augments it 

When the Moon is at L between the Qua- 
drature R and the oppofite Syzygy O, in Fig. 
45, the Tendency of the Moon towards the 
£un is Jefs than that of the Earth; it may then 
be expreifed by LD a Line fiioiter than TS, 
and is refolvable into LA a Line equal and 
parallel to TS, and DA, or its equal and 'pa- 
rallel LG. Which LG is the only difturbing 
Force, and may, as in Fig. 44. be refolved in- 
to two others, one of which fliall draw "the 
"Moon towards O, the other to or from T, as 
the Cafe may happen. So that in the firit Place, 
the nearer the Moon is to its Sy rygies, die 
greater wiM be its Velocity ; and the nearer it 
is to the Quadratures, the flower it will move ; 

becaufc 
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becauft one of the Forces into which LG is 
relblvabk (as LI in Fig. 44.) accelerates ill 
•Motion from the Quadratures to the Syzygie?; 
«nd retards it as much from thence to the Qua- 
dratures. Which is thefirft Irregularity (*). 

2. When the Moon is in the Quadratures as 
fit OL or N, or in the Syzygies as at M or O, 
4ee Fig, 4a. the difturbing Force is dire&ed to 
or from the Center of the Earth; and ther&» 
•fore when the Moon is palling thofc Points it 
4s no Impediment to her defcribing Areas pro- 

rrtionable to the Times; but when Hie ft a£ 
in Fig. 44, or 45, where it is expretfcS 
by LG, only one of the Lines into which it 
is refolved, as LH, pbints to or from the Center 
•of the Earth, the other, as LI, pointing another 
Way, prevents her defcribing Areas proportio- 
nable to the Times. So that it is only in the 
Quadratures and Conjun&ions, that the Areas 
arc proportionable to the Times, Which is the 
feeond irregularity. 

3. The Motion of the Moon being acceler- 
ated during her Progrefe from the Quadratures 
to the Syfcygies, and retarded from thence to 
the Quadratures, her Motion in theSyzygies 
is too quick, in the Quadratures too flow: 
add to this, her Tendency to the Earth is in 
the former Situation too fmall, in the latter 
too large : Both which confpire to render her 
Orbit more curved in the Quadratures than in 
the Syfcygics, £0 that, ftie runs off farther from 

(n) Sec the Lunar Irregularities enumerated in Chap. VTII. 

the 
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the Earth in the Quadratures, and come's nea- 
rer in the Syzygies than fhe would otherwifc 
do, defcribing an Orbit, one of whofe Axes, viz. 
that which pafles through the Quadratures, is 
longer, than that which pafles through the 
Syzygies. Which is a third Irregularity. 

4, The Gravity of the Moon towards the 
Earth in the Syzygies, being twice as much 
diminifhed by the Adion of the Sun, as it is 
augmented in the Quadratures ; if we take a 
whole Revolution together, it may be confi- 
dered.as diminifhed only. Iq the Perihelion 
therefore, at which Time the Earth and Moon 
ar$ neareft the Sun, it will be diminifhed the 
moft of all ; that Diminution (as fhewn above) 
being inverfely as the Cube of the Sun's Dif- 
tance, and fb the Gravity or Tendency of the 
JMoon to the Earth will be the leaft. Qn which 
Account fhe will run out into a greater Orbit ; 
and" fa her periodical Time will be greater, 
than when the Earth is in i(s Aphelion. Whkh 
is a fourth Irregularity. 

5. When the Moon is in the Quadratures, 
the A&ion of the Sun (as fhewn above) in- 
creafes the Tendency of the Moon to the Earth 
in Proportion to her Diftance from thence, this 
Force fuperadded to the A&ion of the Earth 
upon the Moon, which decreafes as the Square 
of the Diftance incre^fes, occafions that Force 
to decreafe as you go from the Earth, Jlower 
than it would otherwife do ; or which is the 
fame Thing to increafe flower as you go the 

other 
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dther way. But by Prop. 9. of the foregoing* 
Chapter, when a retaining Power decreases or 
mcreafes flower than the Square of the Diftancc 
increaies or decreafes, iand the Planet defcribes 
an Ellipfe, the Idnea Affidum of that Planet 
will go backwards; the Linea Apfidum there- 
foffe of the Lunar Orbit, when fee is in the 
Quadrature^ goes backwards : When the Moon 
is in the Syfcygies the A&iori of the Sun dimi- 
nifhes her Tendency towards the Earth, and 
thereby make it decreafe as you go from, or 
facreaie as you go to the Earth, too faft; and 
fb the Ltrtta Affidum at that Time goes for- 
wards. But* the Diminution in the Byzygies 
exceeds the Augmentation in the Quadratures, 
and fo the Lima Affidum goes farther forwards 
than backwards every Time>'till at length it 
revolves quite round according to the Order of 
the Signs. Which is a fifth Irregularity. 

<£ Whtfn the Gravity by which a Planet is 
retained in an 'Orbit that is excentrical, decrea- 
fes or increases 4oo faji^ the Planet when going 
off from the Seat of the retailing PoWter, that 
is, towards <its upper Affis^ will go off tod 
fer; and when it is coming to its lower A^fis y 
it will approach too near; tad fo the Exceft- 
tricity of it* Orbit will be intfreafed. - When 
its Gravity decreafes or increafes too JIow, the 
Planet will not in the former Cafe go off far 
enough, nor come fb near to the Seat of the 
retaining Power in the latter, as it ought to do ; 
m this Cafe therefore, the Excentricity of its 

Orbit 
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Orbit will be dknmifhed. Bat the Tendency 
of the Moon to the Earth when in the Syzy- 
gjes, decreafes or incrcafes too feft> the Excen- 
tricky of her Orbit is therefore at that time 
the greateft \ and on the contrary it is the leaft 
vjien fee is in the Quadratures* And if we 
compare fevcral Revolution* of the Moon to* 
getber, we ihall find, then when the Lmea 
jfyfidum is in the Quadratures, the Excentrb- 
trity of the lunar Orbit will be the leaft of all ; 
becaufe in that Situation of the Linea Agfidtm> 
the Difference between the Tendency the Moon 
has to the Earth in one of the Apfca, and that 
which* it has in the oppofitc one, is the leaft of 
all: Whereas when the Lima Affidum is in 
the Syzygies, that Difference will be the greateft; 
and 1 therefore the lunar Excentrieity will be- ftt 
«0O6 Wbkb h arfixth Irnffdarkyi* 

, £• We have hitherto beeft eonfidering fuch 
Irregularities in the Courfe of the Moon aa 
would happen if its Orbit were coincident wkfr 
the Plane of the Ecliptic : But as it is. not fcj, 
there* will arife others ; in order to account for 
which, k will be proper to premise the follow* 
ing Gonfideratioosi 

Fitsft, Thafc whecr the Line of the Node* is 
in the Syfcygiesy the Plane of the Moon's, Or- 
bit paflea through' the Center of the Sua as 
wfcU'as though that of the Earth, aad ib the> 
}&bam in tfeert Situation* off the Nodes^ is not} 

dfcawa 
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drawn out of the Plane of her Orbit by the 

., Secondly, lliat when the Line of the Nodes ; 
is in any other Situation, and the Moon not 
iri one of the Nodes, Ihe is continually drawn* 

- ojjt' of the Plane ©f her own Orbit, on that 
Side op which ;the Sun lies. For inftance, if 

, the Plane of her Orbit produced paHes above" 
the Sun; the Sun draws'her downwards ; if on; 
tjie ^contrary, thfe Plane of her Orbit produced 
pafieslrelow the Sun, it draws her upwards. 

From thefe two Confederations it follows^ 
that, when theXine of theNodes is ndt in the; 
Syzygies, and the Moon having bafled eithef 
of ^th'e Nodes, 'has got out 0/ the TPlan'e of thtf 
Ecliptic on either Side, the Action of the "Sun 
occafiofis the Moon to return back to the Plintf 
6f the Ecliptic 'fooner' than fhe btherwife. would 
do$ but where ^he.Mopn. enters that Plane, 
jhere; is the riext^Nc Node 

does as it were come t< meet- 

ing her part of the W: :t the 

Un6 of the Nodes U s, the 

greater is this Effect, 1 fe the 

oun is the fartheft'of i __ >f the 

lunar Orbit produced. So that the Xine of the 
Nodes goes backwards the fafteft of all, when 
it is in the Quadratures ; and not at all ih 
the Syzygies. Whkb h the fiventh Irregula- 
rity. 
■ , 8. Again, when the Nodes are in the Qua- 
dratures, and the Moon has lately pafled one 

li ; of 
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of them, and is approaching that Syzygy that 
is next the Sun, the A&ion of the Sun upon 
the Moon prevents her afcending fo far j that 
}$, departing fo far from the Ecliptic as fhe 
otherwife would do ; and fo diminiflies the In- 
clination of her Orbit to the Ecliptic : And as 
fhe goes pq to the next Quadrature, by haften*- 
>0g her Defceot thither, it occasions the Moon 
tpcrofsit in a larger Angle than fhe would 
otherwife do ; and fo increases the Inclination 
of the Qrbit as much as it diminished it before. 
A»d> for the fame Reafon, whilf the Moon mC- 
fes from thaf Quadrature to the oppofite Sy* 
•Y&y \ ^ A#iQ n of the Siiq decreafes the In- 
cline tion of her Qrbtf , and incrcafes it agaiQ 
in her Pafla^e firqiTj thspc? to the next Quadra- 
ture., All which needs AO f*i&er IUj^aftofy 
tjaleft the following Infaqcc. ip^y be of tTfe, 
Jf you tofs a Stojjj ijip into the Air, the Ac- 
tfcn of the Earth Vppa fhe Stone prevents it 
from r#ing Jb high as It would ptherwife do ; 
*hd if a Stone be thrown down <&liquely, thp 
fame A&ion ,by I*io4i0$| ftfCoyf fe tpwards the 
Earth all the, Way, jpftfro.if jftrike the Earth 
|n £ Jargpr Angle thjah it wpiiH otherwife do. 

When the wide? are in the $yzygies, the 
Inclination of the lunar Orbit to the Plane of 
th? JEcliptic is neither incregfed nor diminished; 
The Sun being then in the Plane of the Moon's 
Orbit produced. • 

But while the Nodes arc puffing from the 
gyzygies to the Quadratures, the Inclination 

' '" " " Pf 
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of the Moon's Orbit to the Plane of the Eclip- 
tfi!, is diminifhed in every Revolution of the 
]$f6on j v and while they are palling from thence 
to the Syzygies, it is continually increafing. 
So that the Inclination of the lunar Orbit is 
the greateff of all when the Nodes are in the 
Syzygies, and leaft : vrtien they are in the Qua- 
dratures; Which is an eighth Irregularity*. 
I5ut this requires a particular Explanation.. 

£et then S in Fig. 46. reprefeat the Sui^ 
NFDG the Plane of the Ecliptic, QR th* 
Quadratures, and MO the Syzygies. And let 
N3LDI be the Orbit of the Moon \ and fup- 
pofe the Nodes at N and D in the middle 
between the Syzygred and the Quadratures. 
Farthetf, let there be a Point H in the Ecliptic 
oppbfife to the Point S, and let the Orbit 
NLDl be fo inclined to the Plane of phe E- 
cliptic, that if it were extended every Way, it 
would pafs above 5 and below H: Then becaufc 
whefi the Moon if nearer the Siin than thjs 
Sirth is, flie is attra&ed towards the Sun ffloife 
than the Earth is ; and when ftie h farther of£ 
the £arth is attracted more than Ihe is, in which 
cafe flie is therefore as it were attracted the other 
way j let us imagine a Sun at S, and another at H ; 
and let it be remembered that the Orbit of the 
Moon produced, pafles above S and below H: 
Arid jet the MoOd'be paffing from N towards 
L. Then the Atfra&ion her* being towards 
S, arid the Orbit prbduced being above S, it 
k okyious that the Moon wiE pot pafs to L 
' " - • ; Lfa but 
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but to A, a Point between L and F, deicrib- 

ing the Curve NA; fo that the Inclination of 

the lunar Orbit is perpetually diminifhecT, while 

the Moon is pafling over 90 Degrees from tne 

Node N, it being a quarter of a Circle from 

N to A. To avoid Confofion in the Figure, 

let us fuppofe that the Moon came to L. In 

going from thence to thenext Quadrature, a£.B> 

which is 45 Degrees, the Attra&ion of JS j>re- \ 

vails ftill, .becaufe the Moon is as yet nearer to 1 

i> than the Earth is v an<^ therefore as the Orbit 

produced is above S, and the Mooa " going 

downwards, the Attra&ion pf S haftens Her 

Defcent, and .fp.malces her defcribe the Curve 

LC inftead of LB, whjch if produced^ would 

make with . the : Plane of ..the Ecliptic, { a larger 

Angle thaa hej Or bit, LB does at D;« in going 

9 ver this 45, .Pegrees. , therefore the Inclination 

.of her Orbjt iVincreafea^*^.tus;now.lup^fe 

.her going.from B towards D; the Aora&ion 

.here lies towards H,;.$^)ifc 4 .fhe. is now paft 

♦the Quadrature} and' Qie Ts tending tb '4 Point 

below Hfj: H-, therefore. ' attracts her .upwards, 

'making her deferibe the Curve BE, inftead of 

BD, which is about: 45 JDegrees' njore^ancl 

makes a lefi Angle with the Plane of th$ J&ITp- 

. tic, than j$D does: Not that .E falls , beyond 

D, ir.only. happens fb in tjif Figure, beeaufe 

\ we fuppofed the Moon to 'move from L^and B 

inftead of A and C. Upon the whole therefore, 

" while fh.e .moves from ,N Jo D, the Inclination 

..of her Orbit fs dimiqiJJiefl during threerarts. 

. ~ " out 
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out of four 6f%tf yaffage* * 1ft like mariner it 
is diminiffied by J the Attra&ion of H, whil£ 
$e?goes from D to I; and augmented by. the 
^ame Attra&iqn in goiiig from thence to K, an& 
itimihilhed again between K and N. A&^to 
thfo that white the Moon/moves 'frota N RrL, 
or from D to I a ^he difturbirig Force, whether 
©fS'bf H v is much more cbnfiderable ttian it 
# is whenihe f is ; b^tween L and 0, or I ana K!; 
Hiecduie in the foriner Cafe, the, 'Difference be*- 
'tween her, pittance, from' the Sun, and that of 
"the Earth from the feme, " ii greater than it is 
% the latter. % While the Nodes therefore, arc 
"between M.and R, and O.ariiLQi that 15, 



_ „_ . we have ftrfipdied the Nbdes 

♦totally /diirt: ? .i1-om the <%adratures ana^SV- 
4yg£<;tVme Effeas tvffl Happen, tiiougi 
^lr^enti^Degr^ej.wheh'^ey pt nearer to 
' fjie one^tnanl/b the other ; is jk eafy to imagine. 

l "£et'n6'W^he i ^bdes be* the mid Way be- 
^tWn'R'attd'b, ! and C^and^as in Fifc.^. 

and let the lunar Orbit produced pafs aboVe 
"Srioia. below' II as before, and let the Mobri be 
^Bomin^irom the. Node I) towards B. .She 
'fteifig theire itt the Power, of Hj. and moving in 
: :£Plane which., if produced piffes beloV H, 
~ikm be attracted upwards thereby, fo ! as to 
.^tfcribi the 'Line DC. toftead. of DB- ; by 

'which mekiri$ ! the inclination of her Orbit will 
''"" ' be 
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fee iocreafcd* r la going from thenbe to I, flic 
» in the Power of $* wfitfch lies below her 
Of bit produced* and lo her Afcenf will be di- 
minified, and tfic will gp to A, inftead of I; 
whtfreby the Inclination of her Orbit will be 
ltflcned ; and after wards as die goes towards N 
the will be attracted downwards all the \tfay 
coming to £ inftead of N^ by which means 
fibe Inclination of her Orbit is a^aih iocreafed. 
$o that upon the whole, it is increafed three 
Farts .out of four of ber Paffage from Node to 
[Node;* for the like will hold in her Paflagc 
through the other ?art of her Orbit, and as 
, wejl yfhftt the Npdes are not in the middle be- 
tween the Quadratures ahdf the Sysygies, as 
when they are^. except itv Point or Degree. 
And for the Reafbn mentioned in the other 
: Gafe* the Force which augments the Inclination 
of die Orbit,, is foperior for the Time being, 
to that which dimlrufftcs it While the Nodes 
therefore? are palling from the- Quadratures 
to the Syzygievthe Inclination, of the Moorfs 
Orbit to tbc Plane v of the Ecliptic is centi- 
cually increafing.t .Which is what remained 
to be made out 

All thefe Irregularities are greater when the 
Barth k in its Perihelion, than when it is in its 
Aphelion, becaufe as was obferved above* the 
Efed of the Sunfs. Action whereby they are 
produced* is inyerfely as the. Cijbe of it* Di£ 
tance from the Earth. Thej are tf alfo greater 
when the Moon is in Conjunftion with the 

Sua, 
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Sun, than in Optofttkm far the fame Reafon; 
for the Earth ami Moon taken together, mr& 
nearer the Sun in the former Situation of the 
Moon, than they are in the latter. 

., II. Lctusnowimagiflc that the Circle NLDE 
is a folid RiiJg like that of Saturn, and thaf; 
it moves rourid its Center IP the &mc Way the 
Moon does rOund the £arthj it is obvious that 
every !Point of this Ring, ViH endeavour to 
put . on the fame Motion that we have fhewn 
the Moon to do: Thajr is, that every Point jit 
its Paflage from N to L, will endeavour to 
move in the Line jJNTA, (fee I?ig. 46!) every 
Point J)ctweeh I, apd 1J, will endeavour to 
defcribe the Curve LC, and every one betwpeii 
BandD, the Curve BE; and the like for Fig. 
\ . So that the Ring as to the. Motion jqf. its 
odes, and its Inclination to the Plane in wfrich 
its Center moves, will be affc&ed in tfre iami 
manner that the Orbit of the Moon is j an4 
therefore its Nodes,, when in the Sysygie?, w3} 
Hand ftill, and its Inclipation to the Plane of the 
Ecliptic will be the greateft: In all other Situ- 
ations the Nodes will go backwards, and fafteft 
of all when in the Quadratures, at which Tim* 
the Inclination of the Ring will be the leaft. 

Let us now fuppofe that there is a Redun- 
dancy of Matter furrounding the. Earth in the 
equatorial Parts thereof j or in othejr Words, 
that the Earth is an oblate Spheroid, having 
its ccjuatoteal Diameters longer than that which 

pafles 
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pafles through the Polc$, as wc^&all, ftiew it 
to be in the next Chapter. This .Redundancy 
of Matter, will, like a Ring {unrounding the 
Earth and fixed to it, endeavour to put on the 
abovementioried Motions, and thereby commu- 
nicate them to the Earth itfelf* The equine&jal 
Points therefore which anfwer to the Nodes of 
the Ring, when they ire in the J^ysygies, that 
is, at the Equinox??* >vlll Hand ftill, and the 
Inclinatipn o( the, jEqi^ator , to ,the Plane of the 
Ecliptic will be tfW.'greateft; m all other Situ- 
ations they, vf Ul go backwards, and fafteft of 
all .'fit the Summer 'and Winter Solftices, at- 
yrhi?^ Times , tHey ' are . as It were in the Qua- 
dratures wit^t^e.^un^ and then the Inclina- 
tion of the a|boyenienti6n?d plane will be the 
leafl.. '. "" "' 



* • < . » 
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r; ^|. f ^roxp L hepce it follows, : that the Axis 
of, the §artfy "b^g'pcjrpep^cular to the Plans 
p£ f jthe Eqii^^r, changes therewith if? Inclina-* 
tuon tb theBUqe<of the Ecliptic twice in everje 
JJjeyqlution ;of t^ie f Earth About the Sun. For 
mftanpey \\ fpcf&fes .whHe : thVEarth is moving 
if 6^ the Spatial to the Equiho&ial, and di- 
jpijniihes as much in its Paflige ftom the Equi- 
noctial to theSolftitial Points- Which Phsno? 
i^enon is qiUed. the Nutation ofths Poles. 
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,'. IV. Ano^ei: Phenomenon and of the f^me 
Idnd with $?. Jupar Itfegukrities, is the ebbing 
and flowing,' of the Sea ;! only,' as thol? arife 
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from the A&ion of the Sun upon the Moon, 
this is owing to the Influence both of the Sun 
and Moon upon the Waters of the Ocean ; 
and is to be accounted for upon the fame Prin- 
ciples, after the following Manner. 

Let the Point L in Fig, 48. reprefent the 
Moon, MNOP, the Earth, whofe Center is C 
And let G be the common Center of Gravity of 
the Moon arid the Earth. Which latter let us fup- 
pole furrounded with Water to a great Depth. 
Then, according to what was obferved at the 
End of the laft Chapter, thefe two Bodies con- 
tinually revolve about the Point G, the Point 
M defending the Circle AB ; the Point C, the 
Circle NP; and the Point O, the Circle EF; 
and all in the fame periodical Time; confe- 
quently by Propofition the third of the fore- 
going Chapter, the Forces they require to re- 
* tain them in thofe Circles, ought Jto be to each * 
other as their Diftances from the Point G : That 
is, as GM, GC and GO. Confequently the 
Point O, which for Diftin&ion lake we will 
call the Nadir, requires a greater Force than 
the Center C ; and the Center, a greater Force 
than the Point M, which we will call the Ze~ 
ntth* Now thefe Points are retained in thofe 
Circles by the Moon at L, confequently the 
Nadir which requires the moft, is attraftd&the 
leaft, as being fartheft off; and the Zenith 
which requires the leaft, being the neareft, is 
attra&ed the moft; that is, the Nadir is at- 
tracted too little, and the Zenith tOQ much : 

Mm The 
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The obvious Confequence of which is, that the 
Water both in the Zenith and Nadir, will en- 
deavour to leave the Center C ; or, in other 
Words, will lofe part of its Weight. But the 
Water at N and P will have its Weight aug-, 
mented, juft as the Tendency of the Moon at 
L (in Fig. 4a.) towards T was fliewn to be 
augmented by the A&ion of the Sun at S. So 
that the Water at N and P will be heavier 
than an equal Quantity at M or O. .And con- 
fequently the Surface of the Waters at N and 
P will fubfidc, and that at M and O will rife, 
'till the Equilibrium be reftored. On which 
Account, the Form of the Earth, or rather, 
the Sea, will become an oblong Spheroid or 
Oval, as reprefentcd by NKMH, in Fig. 49. 
whofe longer Axis produced paffes through the 
Moon at L. As therefore the Moon turns 
round the Eajth once a Day, this Oval of Wa- 
ters turns with her, occafioriing thereby the 
two Floods and Ebbs obfervable in each 2.5 
Hours: or to fpeak more accurately, the Oval 
of Waters keeps pace with the Moon in her 
Monthly Courfe, while the Earth in the mean 
Time, by its Rotation about its Axis, carries 
each part of its Surface from Ebb to Flood,, 
and from Flood to Ebb continually. 

And as the Moon thus raifes and deprefles 
the Water, the Sun does the lame; but in a 
much lefs Degree, on Account of the fmall 
Proportion the Semidiameter of the Earth bear* 
to the vaft Diftanceof the Sun j for, as was 

. fliewn 
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ftiewn of the Moon, the Force of "the Sun 
whereby it" difturbs her Motion, was propor- 
tionable to the Relation .the Diftance of the 
Moon from the Earth bears to that of the Sun 
from th§ fame, which in the Cafe before us, k 
the Relation the Semidiameter of the Earth 
bears io the Diftance of the Sun, which Rela- 
tion is very fmall. 

When the Moon is in Conjun&ion or Oppo- 
(ition with the Sun, the Tides which each of 
them endeavours to raife are in the lame Place, 
which is the Reafon they are lb large at thole 
Times. Whereas when the Moon is in the firft 
or laft Quarter, the Sun being in the Meridian 
when the Moon is in the Horizon, deprefles the 
Water where the Moon raifes it, on which Ac- 
count, the Tides are then {cateris paribus) the 
leaft of all. 

On the foil and new Moons, which happen 
About the Equinoxes, at which Time the Lu- 
minaries are both' in the Equator or near it, the 
Tides are the greateft of all, on the three fbl-' 
lowing Accounts ; in the firft Place, the two 
Eminences of Water are at the greateft Diftance 
from the Poles, and fo the Difference between 
Ebb and Flood is more fenfible j for if thofe 
Eminences were at the Poles, its obvious we 
fliould not perceive any Tide at all : Secondly, 
the equatoreal Diameter of the Earth produced 
pafles tfirough the Moon, which Diameter is 
longer than others, and fb there is a greater 
Dilproportion between the Diftances of the 

M m a - Zeoith, 
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Zenith, Center and Nadir, from the Center of 
Gravity of the Earth and Moon, than at other 
Times: Thirdly, the Water rifing higher in 
the open Seas, it ru flies to the Shores with 
greater Force, where being flopped, it riles 
higher ftill ; for it not only rifes at the Shores 
in Proportion to the Height it rifes to in the 
open Seas, but alfo according to the Velocity 
it flows with from thence againft the Shore. 
The Reafon why the Spring Tides, which hap- 
pen a little before the vernal and after the au- 
tumnal Equioox, viz* in February and October 
arc the greateft, is becaufe the Sun is nearer 
the Earth in the Winter than in the Summer, 
and fo the Tides, which otherwife would be the 
greateft at the Equinoxes, are fo, a little before 
the former, and as much after the latter. 

We hive hitherto confidercd the Tides in 
general ; we muft now fee what happens as to 
Places of different Latitudes. All which will 
be eafily underftood by the help of the 4^th 
Figure : In which let AFD reprefcnt the Earth 
whole Center is T, the Poles P and O, this 
the South, the other the Nog: h Pole, EQthe 
Equator, and the Circles FH and KD two Pa- 
rallels of it, the laft on the North Sidd of it, 
and the firft on the South Side of it. Let the 
Fluid furrouriding the Earth, form itfelf intq 
an oblong Spheroid, whole longer Axis HK 
produced, pafles through the Moon at L. The 
right Lines TIC ojr TH, reckoning from the 

- v ' ,n Center, 
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Center, will reprefent the greateft Height of 
the Water, and fuppofing NM perpendicular 
to KH, TN or TM will denote^he leaft, and 
will reprefent the Height of the Water in all 
Parts of the Globe through which that Circle 
NM pafles. The right Lines TE, TF, TQ^ 
and TD, fuppofing them drawn, will fliew the 
Height of the Water in the refpe&ive Places 
E, F, Qand D. Let us now confider a Place^ 
which by the diurnal Motion of the Earth, 
defcribes the Parallel KD: When this Place is 
at K, the Height of the Water TK, is the 
greateft ; that is, it is high Tide or Flood when 
the Moon L is in the Meridian j but afterwards 
in the fame Place, the Height of the Water is 
the leaft, when the Place is come to X, and 
again it is Flood when the Place is come to D. 
But becaufe TK is greater than TD, in the 
prefent Cafe when the Moon is on the North 
Side the Equator, the Height of the Sea will 
be greater, when the Moon is in that Part of 
the Meridian which is above the Horizon, 
than when it is in that which is below it. Like* 
wife TH is greater than TF, and therefore in 
a Place which lies under the Parallel FH, or 
on the other Side the Line, the gfeateft Height 
of Water that happens when the Moon is on 
that Side, is alio when fhe is in that Part of the 
Meridian that is above the Horizon of that 
Place. Hence it is, that the Moon in the Nor- 
thern Signs makes the greateft Tides on our 
Side the Line, when ihe is above the Earth; 

and 
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and in the Southern Sighs when fhe is below 
it But on Account of that libratory Motion 
of the Waters, by which they thus rife and 
fall alternately, and which would continue fome 
Time, although the Sun and Moon fhould ceafe 
to ad, the Difference between thofc Tides 
which happen when the Moon is above and 
below the Horizon, is not fo great as it would 
otherwife be ; and the higheft Spring Tides 
are not exaftly in the new and full Moons, but 
happen generally three or four Tides after 
them, and fometimes later : Becaufe when the 
Luminaries come to ad more forcibly than 
ordinary, as being in Conjunction or Oppofition, 
the Waters will librate backwards and forwards 
feveral Times, before they arrive at their great- 
eft Height : 

Things Would, be thus, if the Globe of the 
Earth wtre covered with W^ter of a fufficient 
Depth, but the Continents which flop the Tide ; 
the Straights between them and. the Iflands, 
and the Shfcalnefs pf the Sea in fome Placed, 
which are Impediments to the fr6e Courfe of 
the Watef , caufe many Exceptions to what has 
becd laid down; and in particular, that even in 
the open Ocean the Time of high Water is 
not, when the Moon comes to the Meridian, 
but always fome Hours after it. But to be 
particular in fuch Circumftances is not, the De- 
fign of this Treatife. See more in Thikf&ph. 
Tranfafl. No. 226. However, there is one 
Thing, which becaufe I don't find it taken 

Notice 
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Notice of by others, I fhall juft mention • and 
that is, that at both the Summer and Winter 
Solftices, there ought to be but one Tide in 
24 Hours within the ar&ic and antar&ic Circles ; 
to fliew this, let KD be the Tropic of Cancer, 
and let the Sun and Moon be perpendicular 
over a Point of that Tropic, as at L: Then as 
obfcrved before, there will be an Ebb at N, 
but becaufe NPK is a quarter of a Circle, N 
will be a Point of the ar&ic Circle, and the v 
high Water under that Circle will be at A, 
the Point oppofite to N; fo there will be but 
one Flood and one Ebb in 24 Hours Time: 
And as is obvious enough, the fame will hap- 
pen in all Places within that Circle, except at. 
the Pole itfelf, where there is no Tide at $11; 
The lame Things will alio happen at the other 
Solftice, when the Luminaries are in the Tro- 
pic of Capricorn. And in thole Parallels which 
lie between the abovementioned Circles and the 
Equator^ each Ebb will be nearer the Time of 
the lefler Flood, than it will be to that of the 
greater. Thus, in the Parallel KD, the Ebbs 
will be at X, and in the Parallel FH at Y f 
which Points are nearer to F and D the lefler 
Heights of the Water, than to H and K the 
greater one& The Reafon it does not happen 
exa&ly in this Manner, at leaft not in Point of 
Degree, is that Rifing and Falling or Libratipn 
• of Waters mentioned above, by which the 
Ebbs and Floods of eaeh Place are rendered 

iefs 
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* 

Ids unequal than they ought, according to the 
Theory, to be. 



Ci JUL A i . - Jv.a* 

Of the Figures of the Heavenly Bodies. 

WHEREAS the Heavenly. Bodies do 
notconfift wholly of lolid Matter, but 
are in all probability partly fluid and partly fo- 
lid, like our Earth, or at leaft were fo at firft j 
thoie which have no Motion about their Axes, 
if fuch there be, will, from the mutual Gravi- 
ty and Attra&ion of their Parts among them- 
selves, fettle into a fpherical Form. But as to 
fuch as revolve about their Axes, all their Parts 
will endeavour to receed from the Axis of their 
Motion, and thereby the equatoreal Parts where 
the Motion is the quickeft, will tend lefs to- 
wards the Center than the reft ; their Endea- 
vour to fly off from the Axis about which they 
revolve, taking off part of their Tendency that 
Way j fo that thofe Parts will become lighter 
than fiich are nearer the Poles* The polar Parts 
therefore will prefs in towards the Center, and 
raifc the equatoreal Parts, till the Quantity of 
Matter in the latter is fo far increafed, as to 
compenfate for its Lightneis, and an Equili- 
brium be reftored. On which Account, the 

Form 
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Form they will affume, will be that of an ob- 
late Spheroid, whofe fhorter Axis pafles through 
the Poles, And other Circumstances remaining 
the fame, the faffer the Bodies revolve, the 
more oblate or flat will their Form be ; accord- 
ingly the Axis of the Planet Jupiter, which 
Planet turns round its Axis in lefs than 10 
Hours, is, as appears from the Obfervations of 
Mr. Flamftead and Monf Gajjini y no greater 
with refped to the Diameter of its Equator, 
than in the Proportion of feven to eight. 

By Virtue only of the Rotation of the Earth 
about its Axis, the Weight of Bodies at the 
Equator is lefs than at the Poles, in the Pro- 
portion of 288 to 289; that is, a Body which 
at the Poles would weigh 289 Pounds, would, 
if carried to the Equator, lofe by Virtue of the 
centrifugal Force alone, one Pound of its Weight, 
and fb weigh but 2 88 Pounds. From henc$ 
arifes, asobferved above, a fpheroidipal Form 
of the Earth, and from that fpheroidical Form 
arifes another Diminution of Gravity at the 
Equator, by which, if the Earth were homo- 
genious throughout, Bodies at the Equator 
would lofe one Pound in 1 121, and fo on both 
Accounts taken together, the Gravity of Bodies 
at the Poles would be to the fame at the Equa- 
tor as 230 to 225> (n). From whence, if we 

fuppofe 

(n) To calculate this, let us fuppofe the Semidiameter of the 
Earth to be 19695539 Paris Feet; which on Account of the 
Tail Diftance on the Surface of the Earth Caffini took in mea- 

N n faring 
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Curing it, Sir Ifaac AW/ofr jmakes ufe of. Since then the Earth 
turns round its Axis in 23 Hours 56 Minutes and 4 Seconds, a 
Body at the Equator moves through 1436.223 Feet in a Second : 
But the centrifugal Force of a Body revolving in a Circle is equal 
to the centripetal Force, which would be requifite to retain it in 
that Circle, and the Space a Body would fall through in a Se- 
cond, by Virtue of that centripetal Force, is by Chap. XVIII. 
Lemma 1 . equal to the Square of the Arch defci ibed in a Second, 
divided by the Diameter of the Circle, that is, in the prefent 
Cafe to ,0523 Feet, or 7,54064 Lines. Now the Space a Body 
fill Is through at Paris, by Virtue of the Gravity there, is 15 Feet 
1 Inch and i~-g Lines,' or 2174 ,055 Lines, Therefore the cen- 
trifugal Force at the Equator is to the Gravity at Paris as 
7,54064 to 2174,055- But Bodies do not fall at Paris, by the 
whole Force of Gravity, or as they would do at the Poles of the 
Earth, becaufe they are in fome Meafure prevented by the ceri- 
trifugal Force there. We muft therefore compute how much 
that centrifugal Force is, and add it to their Gravity at Paris, 
to find what it is at the Poles. Which may thus be performed. 
Let EPQ in Fig. 50. reprefent the Earth, PP its Poles, EQ^ 
its equatoreal Diameter. Let A reprefent any Point between the 
Equator and the Poles, and parallel to the equatoreal Diameter 
EQ^draw the Line AH, then will the centrifugal Force at E 
be to that at A as the Radius EC, or which is very nearly the 
fame, AC, to AH, Chap. XVIII. Prop. 3. for AH is the Ra- 
dius of the Circle the Point A defcribes, while the Earth revolves 
about the Axis PP. But a Body at A is not thrown off by 
Virtue of this centrifugal Force directly from the Center of the 
Earth, but from H along the. Line HA produced. Let then 
AB reprefent that Force, which becaufe it does not tend dire&ly 
from the Center, let it be refolved into two others, <viz. BN and 
AN ; the former perpendicular to the Radius, the latter coinci- 
dent therewith : It is by this latter Force only that the Gravity 
of a Body at A is diminimed. But the centrifugal Force at the 
Equator was {hewn to be to chat other Force along the Line AB, 
as AC to AH, and that other is to the Force along AN as AB to 
AN, which becaufe of the fimilar Triangles A BN and ACH 
is alfo as AC to AH, therefore the centripetal Force at the 
Equator is to that at A, fo far as it diminifhes the Gravity of 

Bodies there, as AOl to AH^; that is, becaufe AH is the Co- 
fine of Latitude of the Place A, as the Square of the Radius to 
the Square of the Co-fine of the Latitude of the Place where 
the Body is. Now the Latitude of Paris is 48 Degrees and 50 
Minutes, the centrifugal Force therefore at the Equator is to that 

at 
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fuppofe the Gravity of Bodies within the Earth 
to be dire&ly as their Pittance from the Center, 
as it was fhewn to be in Part I. Chap. 3. § 8. 
thofe Numbers will fclfo exprefs the Relation 
between its polar and equatoreal Diameter (0). 

This 

at Paris, as the Square of the Radius to the Square of the Co- 
fine of that Latitude, that is, as 7,540 64 Lines to 3,267. Add 
this to 2174,055 the Gravity by which Bodies defcend at Paris, 
and we have 2177,322 for the Gravity they fall with at the 
Poles.: Which Number is to 7,540 .the centrifugal Force at the 
Equator, as 289 to 1. So that the Gravity at the Poles is to 
the Gravity at the Equator, fo far as it is diminifhed in this lat- 
ter Place by the Rotation of the Earth about its Axis, in the 
Proportion of 289 to 288. But this is not all : For it may be 
gathered, from what Sir Ifaac Newton has demonftrated in his 
Principia, Book I. Seel. 13. where he treats of the attractive 
Forces of Bodies not fpherical, (though by a tedious and intricate 
Calculation too long to be inferted here) that fuppoiing the Earth 
to be an oblate Spheroid, fuch as we mail determine by and by, 
and homogeneous throughout, a Body at the Poles even when the 
Earth is at Reft, would be heavier than the fame at the Equator 
in. the Proportion of about 1121 to 11 20. The Weight of a 
Body therefore at the Poles, - when the Earth revolves about its 
Axis, is to the Weight of the fame at the Equator*, in a Pro** 
portion compounded of 28910 288, and 1121 to 1120; that 
is, in the Proportion of- 2 30 to 229. 

N. B. A Line is the 12th Part of an Inch. 

(0) To fhew this, call an equatoreal Column extended from 

the Surface to the Center, r ; and a polar Column, x ; and call 

the; Force of Gravity at the Equator, p ; then from what was juft 

obferved in the foregoing Note, fuppoiing the Earth to be at 

1 1 2 1 p K 
Reft, the Force of Gravity at the Poles will be -, becaufe 

1 120 

as 1 120 : 1 121 : : p : : and becaufe the Gravity of a Co- 

x r 1 1 20 7 

' lumn if it be equally heavy in all Parts, is equal to the Force 

of Gravity multiplied by the Contents of the Column, the 

Weight of an equatoreal Column of Matter, if as heavy in all 

Parts as at the Surface, would, fuppoiing the Earth tp be at Reft, 

he equal to f multiplied by r, tliat is, pr ; and the Gravity of a 

£1 n 2 polar 
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This is upon a Suppofition that the Earth wat 
at firft fluid, or a Chaos, having its folid and 
fluid Parts confufedly mixed together; but if 
we fuppofc it at firft partly fluid and partly 
dry, as it now is, fince we find that the Land 

polar Column would for the fame Reafon be £j bat where- 
as if we fuppofe the Force of Attraction inverfely as the Squares 
of the Diibnces, the Gravity of Bodies within the Earth will 
decreafe as we go to the Center, Part I. Chap. 3. $ 8. where 
it terminates in Nothing, the Weights of the above-mentioned 
Columns decreaiing uniformly therewith, will be but half what 

we made them before, that is, C- and ■ ■. Call the centri- 
. 2 1120x2 

fugal Force at the Equator, n ; then fmce the centrifugal Force 
decreafes alfo as we approach the Center, and there terminates 
in Nothing, the centrifugal Force of a whole Column of Matter 

will be — . Take this away from £-, the Weight of that Co- 
2 2 ° 

lumn when the Earth is at Reft, and the remainder*—- — — will 

t z 

be the Weight of the fame when it moves. But to preferve an 

Equilibrium of Parts, this Weight muft be equal to £- 

which was (hewn to be the Weight of a Column at the Poles. 

Which gives us this Equation w— — ,«tr ■ / 
2 2 1 1 20x2 

Multiplying by' 2, we have pr — nr ~=_i£-££ 

Multiplying by 1 1 20, we > , , zopr _ , , 20nr — , , t I/Ur 

have >, -> 

Which gives us this Equation r : x : : i\2\p : 11 zop — 1 1 20*r. 
But as was determined in the , 

foregoing Note, pis ton as) 

289 to 1. Putting there-t 

fore thofe Numbers for pQ r : * ' ; 23 ° : 2Z 9- 

and », in the laft Step, we\ 

(hall have •* 

That is, the equatoreal Semidiameter is to the polar one, as 230 
: 229. Which was to be ftiewn. 

1* 
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is very nearly of the fame Figure with the Sea, 
except railed a little to prevent, its being oveiW 
flowed, the Earth muft ftill be of the fame 
Form j for other wife the major Part of the 
Water would flow towards the Equator, and 
fpread itfelf like an Inundation over all the 
£and in thofe Parts. 

The fpheroidical Figure of the Earth is 
greatly confirmed by Obfervations made with 
Pendulum Clocks, at different Diftances from 
the Equator. Firft pf all Monf. Richer in the 
Year 1672, when at the Ifland Cayenne, found 
that his Clock, which at Taris kept true Time, 
now loft 2 Minutes and 28 Second? every Day. 
Dr. HalUy going to the Ifland St. Helena in 
the Year 1677, was obliged to ihorten the Pen- 
dulum of his Clock one eighth part of an Inch. 
With many others, all'which compared together 
make it appear that a Pendulum at the Equator 
that fwings Seconds, ought to be about one 
fixth Part of an Inch {hotter than at "Paris ; 
from whence it appears that the Difference be- 
tween the Gravity at the Poles and at the E- 
quator, is almoft twice as great as what arifes 
from the Rotation of the Earth about its Axis, 
and its fpheroidical Form put together (f). 
And therefore the Difference between the equa~ 
toreal and polar Diameter muft be fo too. 

From 

(p) For the Length of a Pendulum, Swinging Seconds is pro- 
portionable to the Space a Body would fall through in a Second 5 
as being equal to an eighth Part of that Space, Part I. Chap. 6. 
Prop. 10. And the Space a Body would fall through in a Se- 
cond, is proportionable to the Fotcc by which it fills ; confe- 

queatly 
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From hence it is probable, 1 that the Parts of 
the Earth which lie near the Center, may be 
denfer than luch as lie nearer the Surface. For 
on this Suppofition, and not otherwife, is it ac- 
countable, that the Gravity at the Equator 
difeoverable by Pendulums, and that which 
arifcs from the above-mentioned Caufcs, fliould 
be fb different (q). So 

quently the Length of a Pendulum Twinging Seconds under the 
Equator ought to be to the Length of one that fhall fwing Se- 
conds under the Pole, as the Gravities in thofe Places are to each 
o'her: That is, as 229 to 230. The Length of a Pendulum 
therefore under the Equator, being 438,5 Lines, (as being two 
Lines fhorter than one at Paris) the Length of one at the Poles 
fliould be 440,4 Lines; that is, it ought to be but 1,9 Line 
longer than the former. Whereas it is found by the Observations 
abovementioned, that the Difference between a Pendulum in 
the Latitude of PmHs % and one under the Equator, is as much as 
that, or rather more $ and confequently the Difference between 
one at the Equator and one at the Poles would be almoft twice as 
mnch ; there being almoft as much Difference between a Pendu- 
lum at . the Poles and at Park, as between one at Paris and the 
Equator: And confequently the Diminution of Gravity is almoft 
twic£ as much -as that which arifes from the Rotation of the Earth 
about its Axis; and its fpheroidical Form put together. 

(q) If the Earth be more, denfe at the Center than near the 
Surface, we may confider that Redundancy of Matter near the 
Center over and above what there would be there, was the Earth 
of uniform Denfjty, apart, and as a feparate Body from the reft, 
then upon Account of the fpheroidical Form of the Earth, a Body 
at the Poles is nearer to this redundant Matter than at the Equa- 
^dr, therefore in removing a Body from the Poles to the Equator, 
its. privity fo far as it depends on the Attraction of this redun- 
dant -Matter, that is, that Part of its Gravity which is owing to 
that Attra&km, is diroinifhed: The whole Gravity of the Body 
is lefs therefore at the Equator than at the Poles. As therefore 
the Pendulum difcovers a greater Difference of Gravity than ari- 
fes from the Rotation of the Earth about its Axis, and the fphe- 
roidical Form of it considered as homogeneous, put together, it is 
very probable that the Earth is more denfe at the Center than at 
the Surface. ' * " 
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• 

So that upon the whole, Bodies are lighter 
at the Equator than at the Boles, on a three- 
fold Account. Firfl, by the centrifugal Force 
there, in the Proportion of 289 to n88 : Second-* 
ly, on Account of the fpheroidical Form of the 
Earth, or its Flatnefe at the Poles, in the Pro* 
portion of 1 1 a 1 to 1 1 ao ; and laftly on Ac- 
count of the greater Denfity of the Earth at 
the Center, but in a Proportion not yet fuffi- 
piently determined, for want of knowing the 
exad Length of a Pendulum that {wings Se- 
conds at the Poles. 

The greater warmth of the Air near the E- 
quator, increafes the Length of a Pendulum 
by Rarefa&ion,- on which Account alone, it 
would be neceffary to fhorten it at the Equator ; 
but this, as may be gathered from the Obfer- 
vations of Titcairn and De la Hire, cannot be 
between this Latitude and the Equator above 
one fortieth part of an Inch ; for as De la Hire 
obferved, there was but two third Parts of a 
Line Difference between an Iron Rod fix Feet 
long, expofed to the Froft and the Summer's 
Sun. Befides, this is allowed for above, in 
faying that a Pendulum ought to be fliortned 
but one fixth part of an Inch. 

It follows from hence/ that the Tendency of 
heavy Bodies upon the Surface of the Earth, 
except at the Equator and the Poles, is not 
towards the Center of the Earth, but towards 
a Point between that and the Equator. Thus, 

let 
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let EPQjn Pig. 50. represent the Earth, PP 
it* Poles, EQ^ its equatoreal Diameter. The 
Tendency of a Body as A, upon the Surface 
of the Earth, between E and P, will not be 
towards C, but along the Line AD which 
crofles the equatoreal Diameter in a Point nearer 
the Body than the Point C is (r). 



Another Coofequence of the fpheroidical 
Form of the Earth is, that as you go from the 
polar Parts to the equatoreal, the Degrees upon 
the Surface of the Earth grow left and left ; 

(r) To determine the Point D, fay as EC is to AH; that is, at 
the Radios is to the Co-fine of the Angle of the Latitude of the 
Place A, fo is the centrifugal Force at E, to a fourth Number, 
which will exprefs the centrifugal Force at A in the Direction 
AB. Produce therefore the Line HA to B, till AB be of fuch 
Length, that it may bear the fame Proportion to AC, that the 
Quantity laft fonnd has toGravity upon the Surface of the Earth. 
Compleat the Parallelogram ABCD, and D will be the Point 
fought, and the Tendency of an heavy Body will be along the 
Line AD. Thus fuppoie it required to find the Direction in 
which heavy Bodies tend towards the Earth in at the Latitude of 
51 Degrees and 46 Minutes. Since the centrifugal Force at the 
Equator, as {hewn above, bears that Proportion to the Force of 
Gravity, which 1 does to 289, let ns take thofe Numbers (or 
which will do as well, any other two that are proportionable 
to them) the former to exprefs the centrifugal Force of a Bod/ 
at the Equator* and the latter the Force of Gravity. Then fay, 
as the Radios is to the Co- fine of ci Degrees 46 Minutes, fo is 1 
to a fourth Number, which will be found ,618. This Quantity 
is therefore to Gravity as ,618 to 289. Therefore AB or its 
equal CD is to AC in that Proportion. But the Proportion be- 
tween CD and AC being known, and the Angle at C the Lati- 
tude of the Place, vus. 5 1 Degrees 46 Minutes being given, the 
Angle CAD will be found about 5 Minutes, which is the Mea- 
fure of the Deviation of the Line of Direction of heavy Bodies 
in that .Latitude, from a Line dawn to the Center of the Earth. 

that 
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that is, a Degree meafured upon the Meridian 
near the Poles, contains more Miles than the 
lame meafured near the Equator. The Reafbn 
of this is, that, as appears by Infpe&ion of the 
Figure, an Arch near the Poles comes nearer to 
a ftraight Line ; that is, it is lefs curved than 
one near the Equator ; the former is therefore 
an Arch of a larger Circle than the latter ; but 
the larger the Circle* the larger are the Degrees 
meafured upon its Circumference. For in going 
from P towards E, we are not to imagine our- 
felves upon the Circumference of a Circle 
whofe Center is C, but to pals continually from 
one Arch to another, which Arches are Portions 
of different Circles, the Centers of which ap- 
proach, as the Arches themfelves become more 
curved. 

As the Waters of the Earth by Virtue of 
the Attradion of the Moon, and the Revolu- 
tion of the Earth about the common Center of 
Gravity of that and the Moon, were fhewn 
in Chapter the laft, to put on the Form of an 
oblong Spheroid, whofe Axis produced pafles 
through the Moon j fb in like manner, if we 
confider the Moon as we have now done the 
Earth, we fhall find, that as flie turns round 
her Axis in the fame Time fhe turns round the 
Earth, and therefore has nearly the lame Side 
always towards the Earth, her Figure is that 
of an oblong Spheroid, whofe longer Axis 
points to the Earth ; thofe Parts which lie next 

O o the 
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the Earth being attracted too much, and alfo 
. having too fmall a centrifugal Force ; and thole 
on the contrary, which lie on the oppofite Side 
of her being attracted too little, and having a 
centrifugal Force too great; which for the 
Regions given in the above-mentioned Place, 
will neceffarily give her that Form. 

Her Revolution about hcrAxis would, as in 
the Earth, give her a contrary Figure, but it 
is fo very flow, that it is without any fenfiblc 
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PART. III. 
Page 164 Line 2 for fuppofed, read difpofed. 

P A R T IV. 

'Page LJne Jnfteadof Read 

12 ■*- 21 ~- ADME — ADBE 

{^•:i.- *l c - f both the Sun and 

neither the Sun _ I ^j^,^ 
nor the Earth .^^ 

34 — 18 — Fig. 2. — Fig. 3. 

$ 4 __ 32 _ XV: — XVI. 

a? *— 2 — Side , — - Side of the Equator 

J| _ 29 _ XIV. " . — ' XVI. 

nj — 1 j — 1 can- ' « — cannot 

w — a6 -r : ' . r<; r -^' tf; 

,114 — 4 — *. Hprizon — Heavens 

114 — 22 — SemidiamAec .— a Semidiameter 

tI9 _ t9 _ vm. . — VII. 

122 — 27 — - Refraclion — Reflection 

$40 — 14 — when — from the Place wherp 

14? — 29 — Juvinum •— Juvifiunu 
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A. 
ACronical Rtftng and 

*"■ Setting of the Stars. 
Part IV. page 145. 

Action, its Equality to Re- 
a&ion (hewn. P. I. p. 22. 

Air, defined; its Preffure; 
itsElafticity; capable of be- 
ing contra&ed by Preffure ; 
its Elafticity augmented by 
Heat 5 its Neceflky for the 
Prefervation of Life. P. II. 

P- 33—41- 
JEkl> what. P. IV. p. 200. 

The feveral Sorts of them. 

P. IV. p. 201. 

JEtna, the Caufe of its vo- 
miting up Flames. P. II. 
p. 144. in the Notes. 

Aititute of a Star, what. 
P. IV. p. 139. 

Amphiscii, what. P. IV. 
p. 136. 

Amplitude ofaStar,what; 
rifing and fet t ing Amplitude, 
what. P. IV. p. 140. 

Annual Parallax of the 
Earth, what. P. IV. p. 52. 



Annus ma onus, what. 

P. IV. p. 57. 
Anomaly, what. P. IV, 

P-49- 
Antarctic Pole, what ; 

Circles, what. P. IV. p, 

Anticedentia, what. P. 

IV. p. 56. 
Antipodes, what. P. IV, 

P- *37* 
Antobci, what. P. IV. 

p. *37- . 

'Aphelion, what. P. IV* 

p. 48. 

Apogeon, what. P. IV, 
p. 48. 

Apparent Distance, Dr. 
Ba rrow's Difficulty about 
itfolved. P. III. p. 81. " 

Apparent Motion, the 
apparent annual Motion of 
the Sun accounted for. P. 
IV- P- 35 Another Way 
of accounting for the fame. 
P. IV. p. 44. in the Notes; 

—Of Mercury and Venus ac- 
counted for. P. IV. p. 58. 

—Of 
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—Of Mars, Jupiter and &?- 
turn accounted for. P. IV. 
p. 66. 

—Of Jupiter and Saturn's 
Satellites accounted for. P. 

IV- P- 93* 
Apparition, Circles of per- 

?;tual Apparition, what. 
. IV. p. 144. 
Appearance of Bodies feen 
through Media of different 
Forms. P. III. p. 72—85. 
—Of Bodies feen by Light re- 
flected from plain and fphe- 
rical Surfaces. P. III. p. 1 1 8 

~I3?- 

Arctic Poles, what; Cir- 
cles, what. P. IV. p. 135. 

Areas, defcribed by revolv- 
ing Bodies proportionable to 
the Times. P. I. p. 46. 

Ascn, what. P. IV. p. 136. 

Ascension, Circles of it, 
what. P f IV. p. 1 33. 
Right Afccnfion, what. P. 
IV. p. 13*. 

Oblique Afcenfion, what. 
P. IV. p. 143. 

Ascens'ional Difference, 
what. P. IV. p. 143. 

Ascent of Fluids in Capilla- 
ry Tubes. P. II. p.57 — ji. 

.^-Of Vapours, not fufficient- 
ly accounted for. Various 
Opinions concerning them 
examined and confuted. P. 
JL p. 130. 

4tmosphe*re, what. P. II. 

Its Height. P. II. p. 39. 
That its Height may be de- 
termined by the Duration 



of the Twilight, an erro* 
neous Opinion. P. IV, p, 
121. in the Notts. 
Without it all Parts of the 
Heavens, even in Spite of 
Sunfhine, would be quite 
dark. P. IV. p. 120. 
The heavenly Bodies appear 
elevated by the Refra&ion 
of it. P. III. p. 75. and 
P. IV. p. 117. 

Attraction, diftinguifli'd 
into Cohefion and Gravita- 
tion ; each Kind proved 
from Fa&s; its Laws and 
Manner of A&ion. P. J. 
p. 12 — 18. 

Arguments to £hew, that the 
Placets are retained in their 
Orbits thereby. P. IV. p. 
247. 

Demonftrated, not to be a 
mechaAical Caufe* Preface y 
Note i. 

Aurora Borralis, a full 
Account of that remarkable 
one, which was feen March 
6, 17 15; the general Phae* 
nomena of it j a Solution of 
each Phenomenon of it; 
Cote's, Halley's, Mairan's, 
Mater's Solu tionsof it. No- 
tice taken of it by Pliny y 
Seneca and Ariftotle* P. II. 
p. 147 — 169. 

AURUM FULMINANS, itS 

Compofition and Effisdb. 
P. II. p. 145. in the Notes, 
The Author, his Barome- 
ter, in which the Scale of 
Variation is infinite. P. II; 
p. 165, Another of the 

Author's 
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Author's, in which the 
Scale is alfo infinite. P. II. 

p. IIC. 

Axis of the Earth, what. 
P, IV. p* 1 30. 
The Inclination of the Axis 
of the Sun, and of fome of 
the Planets to the Plane of 
the Ecliptic. P. IV. p. 16. 
in the Notes. 

Situation of the Moon's 
Axis. P. IV. p. 19. 

—Of the Earth, not always 
Parallel to itfelf. P. IV. 

P53- 
Azimuth, what. P. IV. 

p. 138. 

—Of a Star, what. P. IV. 

p. 140. 

B. 

|5AR0METER,itsConftruc- 
** tion. P. IV. p. 34. 
Linus, his Hypothefis about 
it. P. II. p. 86.. 
HugenS) his Experiment 
with a Tube 75 laches iong. 
P. II. p. 87. 

Its Ufe in determining the 
Height of Mountains. P. 
II. p. 88. 

Its Ufe in foretelling the 
Alteration of the Weather. 
P. II. p. 88. 
- The Reaftn of its being low 
in windy Weather. P. II. 
p. 02. 

Leibnitz's Hypothefis con- 
futed. P. If* p. 95. 
Patricks Obfer vat ions on 
the Rifing and Falling pf it 
coptmendoi P. II. p. 96. 



Des Cartes's 9 his Barometer, 
P. II. p. 100* 
Horizontal or re&angular 
Barometer. P. II, p. 101. 
Diagonal Barometer. P. II, 
p. 101. 

Rook's Wheel Barometer. 
P. II. p. 101. 
Hook's Marine Barometer, 
P. II. p. 103. 
The Author's Barometer, 
in which the Scale of Varia- 
tion is infinite. P. II. p. 
105. 

Another of the Author's, 
in which the Scale of Va- 
riation is alfo infinite. P. II. 
p. 110. 

Portable Barometer. P. II. 
p. 113. 

Blackness, theAbfenceof 
all Colour. P. III., p. 143. 

Body, its eflential Properties. 
P. I. p. 7. 

The Qualifications in Bodies 
neceftary to difpofe them to. 
refleft Rays of different Co- 
lours. P. III. p. 174. 
Sir Ifaac Newton s Conjee^ 
ture about its conftituent 
Particles. P. III. p. 153. 
Caufes of its Opacity and 
Tranfparency. P. III. p. 

154. 

Lighter at the Equator of 

the Earth than at the Poles, 
on a threefold Account. P. 
IV. p. 281. 
Dr. Boerhaave, his No- 
tion of Fermentation. P. 

II. p. 175. 

, Beeeses, 
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Breeses from the Sea in 
warm Weather, accounted 
fon P. II, p. 128. 

C. 

/^Alenbar, Julius Ca- 

^ far** Reformation of it. 
P. IV. p. 186. 
Pope Gregory^ his Altera- 
tion of it. P. IV. p. 190. 

Cancer, Trqpicof it, what. 
P. IV. p. 135. 

Capillary Tubes, what; 
their Phenomena {hewn to 
be owing to the Attraction 
©fCohenon; theAbfurdity 
of a Fluid being made to 
circulate by Virtue of a Ca- 
pillary Tube. P. II. p. 
57—71. 

Capricorn, Tropic of it, 
what. P. IV. p. 135. 

Cardinal Points, what. P. 
IV. p. 139. 

Des Cartes, his Opinion, 
of the Horizontal Moon. 
P.III. p. 87. 

Cartesian Notion of Va- 

- pours confuted. P. II. 
p. 130. 

Notion of Light confuted. 
P.III. p. 8. 

Center of Gravity, what. 
P. I. p. 59, 

—Of Magnitude, what. P.I/ 
p. 59. 

—Of Motion, what. P. I. 
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tfclllattan, what. P. I. 
P» 33- Huw determined. 
Apteniix to Part /. 
— Ot Percuffion, what, and 



bow determined. Appendix 
to Part /. 

Centripetal and Centri- 
fugal Forces,, their Nature 
explained. P. I. p. 43. 
The Effe&s of them largely 
let forth and demonstrated. 
P. IV. p. 203. to the End. 

Circle^ great; Icfc; paral- 
lel ; the Poles of it ; Axis 
of ft) jSe^ond^ry of it; 
fixed i .ipoysafrle ; of Af- 
cenfion ajod Declination; 
Hour Circle $• tropic and 
polar Circles; ar&ic and 
ai\tar£tics vertical; of per- 
petual Apparition, andper- 
petual Oa^ltation. P. IV. 
p. 125 — 146. 

The exa£t Adjuftment be- 
tween a prdjedile and cen- 
tral Forqe, neceflary thatra 
revolving Body fhould be 
retained thesein. P. IV. 
p. 210. 

Climates, what. P. IV. 

P. !44* 
Cohesion, Att radian of it, 

'what, P.I. 12. 

The Proof and Laws of it. 

P. I. p. 13. 

Not a mechanical Caufe. 

Preface^ Note b. 

Colours, the Caufe of the 

Variety of them. P. III. 

P, 141. 

The Qualifications ki Bodies 
which difpofe them to re- 
fled Rays oT dtfegent Co- 
lours. r.IILp. 147 — 153. 
CoMftTS, their Nature and 
Motion; the Opinion of 

the 
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the Anctents concerning j C$EpuscuLUM,orTwiligbt f . 
them ; their apparent Mo- ' accounted for. P. IV. p. 



tions accounted for ; the 
Form of their Tails ; Sir 
Ifaac Newton's Opinion 
concerning their Talk ; a 
Conjecture of the Author's 
concerning them ; the Me- 
thod of investigating their 
. apparent Courfa; p; IV. 
p. 98 — 112. 

The Form and Pofition of 
, their Orbits.. P. IV. p. 22* 
Communication of Mo- 
tion, in Bodies not elaftic 
P. I. p. 50. 
In Bodies elaftic. P. I. 

P-53- 
Compass, the Points of it, 

what. P. IV. p. 139. 
Conjunction inferior and 

fuperior, what. P. IV. 

p. 58. 
Consequents, Motion in 

it, what. P* IV. p. 56. 
Constellations, what. 

P; IV. p. 27. 

H ave forfaken their former 

Places. P. IV. p. 56. 
CoPernican Syftem, de- 

fcribed. P. IV. p. 12. De- 

fended. P. IV. p. 21. in 

the Notts. 
Copernicus, his Prophecy 

concerning the Phafes of 

Venus. P. IV. p. 65. in 

the Notes. 
Cosmical Rifing and Setting 

of the Stars. P. IV. p*i45. 
Cotes, his. Solution of the 

Aurora Borcalis. P. II. p, 1 

»S*< . i 

D 



121. 

That the Height of the At- 

mofphere may be determined 

by it, an erroneous Notion. 

P. IV. jpu 121. tntbe Notes. 

•Chronology, the Elements 

. of it. P. IV. p. 178 — 202. 

Culmination of a Star, 

what. P. IV. p. 1 39. 
Cycles, the feveral Sorts of 

them. P. IV. p. I93. 

D. 

J") Ays and Nights, their 
Variety in Point of 
Length accounted for. P. 
IV. p. 37. 

— Of the We*k, whence their 
Names. . P. IV. p. 184. 

Declination, what. P. 
IV. p* 13?. 

Degree, the Ninetieth, 
what. P. IV. p. 140. 
At the Poles larger than at 
•tW Equator. PJV.p. 282. 

DspasssioNQfaStar, what. 
P. IV. p. 139. 

Des Cartes, his Barome- 
ter. P. II. p. 100. 

Dr. DesacUliers, his Opi- 
nion concerning the For- 
mation and Afcent of Va- 
pour* examined. P. II. 

P-I33- 
Descent of Bodies on oblique 

. Planes. P. I. p. 28. 

Dew, the Colours of the 

Rainbow feen ink. P. III. 

p. 208* 

Diagonal 
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Diagonal Barometer* dc- 

fcribed. P< II. p. 101. 
Diameters of the Sun and 

primary Planets. P. IV. 

p. 14. 
Difference, aflenttonal, 

what. P. IV. p. 143. 
Distance of anObjed, how 

judged of by the Eye. P. 

III. p. 70. 

—Of the Sun and primary 
Planets. P. IV. p. 14. 

—Of the Moon from the 
Earth. P. IV. p. 19. 

—Of the Satellites of Jupiter 
and Saturn from their Cen- 
ters. P. IV. p. 19. 

Divisibility of Matter, 
the Meaning of its Infinity 
explained ; its Infinity de- 
monftrated ; how far Mat- 
ter is adually divifible, con- 
fider'd. P. I. p. 7—9. 

Diurnal Motion of the 
heavenly Bodies, accounted 
for. P. IV. p. 33. 

Doctrine of the Sphere, 
treated of. P. IV. p. 125 — 
146. 

Dominical or Sunday Let- 
ter, on what its Alteration 
is founded. P. I V. p.. 1 94. 

Dragon's Head and Tail, 
what. P. IV. p. 76. 

E. 

EArth, its Axis, what ; 
its-Poies, what. P. IV. 
p. 130- * 

The Po$btlity of its being 
inhabited quits round. P. 

IV. p. 9. 



Its Diameter ; Diftancefrotn 
the Sun; its periodical Time 
and Rotation about its Axis. 
P. IV. p. 14. in the Hotel. 
Its annual Parallax, what. 
P. IV. p. 56. 
Its Axis not always paral- 
lel to itfelf. P. IV. p. 53. 
The Method of meafuring 
its Circumference. P. IV. 
p. 140. in the N§tes. 
Its Form, that of an oblate 
Spheroid. P. IV. p. 274. 
Its fpherotdical Figure con* 
firmed by Pendulums. P. 
IV. p. 279. 

That it is more denfe at the 
Center than at the Surface, 
probable. P. IV. p. 280. 
Bodies lighter at the Equa- 
tor of it than at the Pole on 
a threefold Account. P. IV. 

p. 281. 

Easter, the Rule for finding 
it explained. P. IV. p. 197. 

Ebbing and -Flowing of the 
Sea, accounted for* P. IV. 
p. 266. 

Echo, the Nature of it ex- 
plained. P. II. p. 52. 

Eclipses of the Sun and 
Moon, with their feveral 
Circumftances, - accounted 
for. P. IV. pi 86— 93. 

—Of Jupiter and Saturn's Sa- 
tellites, P. IV. I>.-03fc 

Ecliptic, what. r. IV. 
p. 56 and 127 j its Axis, 
what ; its Poles, what ; its 
Secondaries, what ; Signs 
of it, what. P. IV. p. 
127 and 128. 

Elasticity 
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Elasticity of the Air. 

P. II. p. 36. 
Electricity, theProper- 

tiesof it. P. I. p. 18. 
Elevation of tbe Pole, 

what. P. IV. p. 140. 
Ellipsis, defcribed, P. IV. 

p. 17, in the Notts. 
Elongation, what. P. IV. 

p. 65. 
Epoch, what. P. IV. p. 

200. 
Equation of a Planet, what. 

r. IV. p. 49. 
Equator, what. P. IV. 

p. 130. 
Equinoctial, what. P. 

IV. p. 132. 
—Points, what. P. IV. p. 

52 and i 32. 
— Points, their Proceffion, 

what. P, IV. p. 52. 
T-Points, their Proceffion, 

accounted for. P. IV, p. 

265. 
«— Colurc, what. P. IV. p. 

46. 
Essentia! Properties of 

Body. P. I. p. 7. 
Excentricity, what. P. 

IV. p. 17. in the Notes. . 
—Of the Moon's Oi-bit. P. 

IV. p. 19. in the Notes. 

How great in the Orbit of 

each primarv Planet. P. IV. 

p. 1 8* in toe Notes. 
Extension, a Property of 

Body. P.I. p. 7. 
EyE, the Defcription of it. 

P. III. p. 53 — 55. 

Why blind with Refpeft to 

Obje&s placed before it in 



a certain Point. P. III. 
p. 69, 

PAlling Bodies, their 

1 Phenomena accounted for. 
P. I. p. 24. f 

Fermentation, from 
whence it arifes ; the Opi- 
nions of Friend, Keill and 
Boerhaave about it ; the 
Manner in which it is to be 
accounted for. P. II. p. 
170—173. 

Figuhes of the heavenly Bo- 
dies. P. IV. p. 274. 

Fits of eafy Reflexion and 
Tranfmiffion, not theCaufe 
of the Reflection of Light. 
P. III. p. 163. 

Flames, why vomited up by 
burning Mountains. P. II. 

p. J44- 
Florentine Experiment, 

P. I. p. 7. in tbe Notes. 
Fluidity, the Nature of it . 

P. II. p. 4. 
Fluids, how they a£t upon 

each other by their Preffure ; 

how upon Solids. P. II. 

P- 7—3?- 

Their Refiftance. P. II. 

p. 41. 

The Abfurdity of their be- 
ing made to circulate by 
means of a Capillary Tube. 
P. IV. p. 7 1, in the Notes. 
Forces neceflary to retain 
revolving Bodies in circular 
- and other Orbits. P. JV. 
p. 203. 

Fountains, 
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fofofth-Arifs, thtfr Origin ; 
Ariftotle\ De$ Cartes\ 
Vareniu$\ Marriott and 
Halley's Opihion of them, 
P. II. p. 75 — 76. 
Their Reciprocation ac- 
counted for. P. II. p. 81. 

Pure id Zone, what. P. 
IV. p. 136. 

G. 

]OAssENDtTs, his Opinion 
^^ of the Horizontal Moon. 

P. III. p. 87. 
Geocentric Latitude, 

what. P. IV. p. 62. 
Globes, their Defer lption 

andUfe. V. IV. p. 147. 

Problems on them. P. IV. 

p. 161 — 178. 
Golden Number, what. P. 

IV. p. 197. 

Gravitatton of Matter, 
Its Laws and Manner of 
a£Hng, "the Sehfe in which 
the Word is ufedin Philofo 
phy. P. I. p. 12 — 17, 

" Demonftrated not to be a 
mechanical Caufe. Preface, 
Note b. 

Gravity, fpeeffic, . what. 
P. II. p. 27. 

Gregory (Tope) his Refor- 
mation 'of the Calendar. P. 
IV. p. 190, 

TLJAil, the C*ufe ofit. P. 

" II. p. 141. 

Dr. Haj-ley, his Hiftory of 



the Winds. 1*. II. p. 116. 

in the Notes. 

His Solution of the Aurora 
Ber talis, f. If. p. 160. 
Hardness in Bodies, the 
Degrees of it accounted for. 

P. I. 14. 
Harvest Moon, accounted 

for by the Globe. P. IV. 

p. 168. * 
Heat of the Sun, why not 

the greateft when the Sun is 

moft elevated. *P. I V. p. 5 1 . 
Heavenly Bodies, thephy- 

fical Caufe of their Motions. 

P. IV. p, 203 — 274. 

Their Figures. 1\ IV. p. 

He a veks, the Poles of them, 
what. P. IV. p. 130. 

Heavy Bodies, their Ten- 
dency not'towards the Cen- 
ter of the Earth, except at 
the Equator and the Poles. 
P. IV. p. *8i. 

Heliacal RifingandSetting 
of the Stars. P. IV. p. 145. 

Heliocentric "Latitude, 
what. P. IV. p. 62. 

Hemispheres, northern 
and fouthern, what. P. IV. 
*p. 132. 

Hermetically fealed, 
what.. P. II. p. 100. in 
the Notes. 

Heteroscii, what. P. IV. 
p. 136. 

Dr. Hook's marine Barome- 
ter defcribed. 'P. II. p. 103. 

Horizon, ferifible and ratio- 
nal, what. P. IV. p. 138. 

Horizontal 
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Horizontal Barometer, 
defcribed. P. II. p. 101. 

■—Moon, DesCartes\ Gaf- 
fendus% Hobb\ DeVeit^ 
and Wallis'% Opinion of it ; 
the Author's Thoughts con- 
cerning it. P. III. p. 87 — 

95- 
Hoitr Circles, what. P. IV. 

TT P- *34- 

Hugens, his Experiment 

of filling a Tube 75 Inches 

long with Mercury. P. II. 

p. 87. 

A. remarkable, lucid Spot, 

difcovered in the Heaven by 

him. P. FV. p. 29. in the 

Notes. 
Hydrostatical Balance, 

its Ufe. P. II. p. 32. in 

the Notes. 
Hydrostatics., the Intent 

of it. P. II. p. 4. 



I. 



TMa Apsis, what. P. IV. i 
p. 49. 

Image, why three or more- 
appear, when a fingle Ob- 
jett is viewed in a common 
Looking Glafs. P. III. p. 
120. in the Notes, 

Impact, that Light is not 
reflected by it. P. III. p.. 
158. 

Inactivity, a Property of 
Matter. P. I. p. 7. 

Incidence, that the Sine of 
the Angle of Incidence bears 
a cofiftant Ratio to the Sine 



of the Angle of Refra&ton* 
P. III. p. 14. 
The Sine of the Angle of 
Incidence equal to the Sine 
of the Angle of Refle&ion. 
P. III. p. 99. 

IncIination of the Axis of 
the Sun, and of the Axes 
of fome of the Planets to 
the Plane of *he Ecliptic. 
P. IV. p. 1*6. m the Notts. 

— Of the Orbit of each pri- 
mary Planet to the Plane of 
the Ecliptic. P. IV. p. 18. 
in the Notes. 

— Of the Moon's Orbit to the 
Plane Of the Ecliptic. P. IV. 
p. 19. in the Notes. 

—Of Aril's Ring. P. IV. 

p. 21. 

—Of the Orbits of JupiUr'% 
and Saturn's Satellites. P. 
IV. p. 21. in the Notes. 

— Of the Orbits of the Co- 
mets. P. IV. p. 2a. 

Inclined Plane, the Falling 
of Bodies down itconfiderM, 
P. I. p. 7-2. 

Inferior Conjunction, 
what. P* IV. p. 58. 

Infinity of the Divifibility 
of Matter explained and de~ 
monftrated. P. I. p. 8. 

Sir Isaac Newton, his 
Conjecture about theSize of 
the constituent Particles of 
Bodies. P. III. p. 153. 

—His Fits of eafy Reflexion 
and Tranfmiflion,examined 1 
P. III. p. 163. 

—His Opinion concerning the 

Tails 
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Tails of the Comets, exa- 
mined. P. IV. p. 102. 

Julian Period, what. P. 
IV. p. 199. 

Julius Cjesar, his Refor- 
mation of the Calendar. P. 
IV. p. 186. 

Jupiter, its Diameter, Dis- 
tance from the Sun, Perio- 
dical Time and Rotation 
about its Axis. P. IV. p. 
14. in the Notes, 
The Situation of its Axis. 
P. IV. p. 16. in the Notes. 
The Excemricity and In- 
clination of its Orbit. P. 
IV. p. 18. in the Notes. 
The periodical Times and 
Diftancei of its Moons. P. 
IV. p. 19. in the Notes. 
Its apparent Motion ac- 
counted for. P. IV. p. 66. 
The Method of computing 
itsDiftance from the Sun. 
P. IV. p. 70. in the Notes. 
The apparent Motion, E- 
clipfes and Occultations of 
its Satellites. P. IV. p. 95 
—96. 

The Method of determining, 
by the Eclipfes of its Satel- 
lites, the Parallax of the 
Earth's Orbit, thefucceffive 
Propagation of Light, and 
the Longitude of Places. P. 
IV. p. 96. in the Notes. 

K. 

I^Eill, his Notion of Fer- 
**■ mentation, confidcred. 
f. II. P. 170. 



is Determination of the 
Height of the Earth's At- 
mofphere, from the Dura- 
tion of the Twilight, {hewn 
to be erroneous. P. IV. 
p. ill. in the Notes. 
Kepler, his Senfe of the 
Poetical Rifing and Setting 
of the Stars. P. IV. p. 145. 
. in the Notes. 



L. 



L 



Atitude, heliocentric 
and geocentric, what. 
P. IV. p. 62. 

— Of a Place on the Earth, 
what. P. IV. p. 133, 

—Of a Star, what. P. IV. 
p. 117. 

Parallels of Latitude, what. 
P. IV. p. 128., 

Laws of Motion. P. I. p. ao. 

Leibnits, his Hypothecs 
concerning the Caufeof the 
Defcent of the Mercury in 
the Barometer, confuted* 
P. II. p. 95. 

Lenses, the feveral Sorts of 
them ; the Manner in which 
Rays are affe&ed in paffing 
through them, P. III. p. 

Why the convex ones are 
ufed by old People, and the- 
concave ones by Young, P. 
III. p. 84. 
Lever, its Properties. P.I. 
p. 20. 

Light, the Emiffion of it 
from luminous Bodies not 
fufficiently accounted for; 

the 



j 
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not yet accounted for. P. 

III. p. 167. 
Lightning, the Caufe of 

it. P. II. p. 143. 
Link of the Nodes, what. 

P. IV. p. 62. 
Line a Apridum y what. P. 

IV. p. 48. 
Loadstone, its Properties. 

P. I. p. 19. 

Longitude of a Place on 
the Earthy what. P. IV. 
p. 131. 

The Method of determining 
it from the Eclipfes of Ju- 
piter 9 * Satellites. P. IV. p. 
97. in the Notes. 

—Of a Star, what. P. IV. 
p. 127. 

Looking Glass, why three 
or more Images appear, 
when a fingle Obje& is 
viewed in a Looking Glafs. 
P.1II. p. 120. in the Notes. 

Lunar Irregularities 
accounted for. P. IV. p, 
249. 

M. 

MAgic Lantern, defer ib\L 
P. III. p. 210. 

Maier, his Solution of the 

. .Aurora Borealn. P. IL p. 
159. 

Maxran, his Solution of the 
fame. P. II. p. 160. 

Marine Barometer defer ib*d. 
P. II. p. 103. 

Mars, its Diameter; Dis- 
tance from the Sun ; perio*- 



the Idea of it, how excited j 
how propagated. P. III. 
p. 4. 

Its Velocity, how com- 
puted. P. HI. p. 6. but 
more determinately. P. IV. 
p. 96. in the Notes. 
The furprizing Finenefs of 
its Particles. P. HI. p. 6. 
Decreafes as the Square of 
the Diftance from the lumi- 
nous Body, increafes. P. 
III. p. 7. 

Des Cartes\ Notion of it, 
confuted. P. HI. p. 8. 
The Refra&ion of it, . ac- 
counted for. P. III. p 9. 
The Law of its Refraftion 
demonstrated. P. III. p. 14. 
Its Refra&ion in palling 
through plain and fpberical 
Surfaces, confider'd. P. III. 
p. 18 — 44. 

The Manner in which it is 
tefleded. P. III. p. 97. 

The Law according to 
which it is reflcded. P. III. 
p. 99. 

Its Refle&ion from plain 
and fpherical Surfaces, con- 
fider'd. P. III. p. ico — 
117. 

Its different Refrangibility 
(hewn. P. III. p. 134. 
The Rays of it difpofed to 
excite Ideas of different Co- 
lours. P. HI. p. 134. 
The Opinions of Philofo- 
phers concerning the Caufe 
of its Reflexion, confuted. 
P. ML p. 158—167. , 

The Caufe of its Reflection 1 dical Time and Rotation 

about 
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about its Axis. P. IV. p. 
1 4. in the Notes. 
The Inclination of its Axis 
to the Plane of the Ecliptic. 
P. IV. p. 16. in the Notes. 
TheExcentricity of its Or- 
bit. P. IV. p. 18. in the 
Notes. 

The Inclination of its Or- 
bit to the Plane of the E- 
cliptic. P. IV. p. 1 8. in 
the Notes. 

Its apparent Motion ac- 
counted for. P. IV. p. 66. 
The Method of determining 
its Diftance from the Sun. 
P. IV. p. 70. in the Notes. 

Matter, its efiential Pro- 
perties. P. I. p. 7. 
Its infinite Divisibility de- 
monftrated, and the Mean- 
ing of it explained. P. I. 
p. 8. 

Its Attra&ion of Cohefion 
and Gravitation. P. I. 
p. 12. 

Mechanical Powers treat- 
ed of. P. I. p. 58 — 75. 

Medium, the Meaning of it 
in an optical Senfe. - P. III. 
p. 9. 

M er c ur y (in the Barometer) 
the Reafon of its ftanding 
low in windy Weather. P. 
II. p. 92. 

Leibnits y s Hypothefis con- 
cerning its Defcent before 
Rain, confuted. P. II. p. 95. 
Patricks Observations con- 
cerning the Rifing and Fall- 
of it. P. II. p. 96. 
Rules for knowing whether 



it be Rifing or Falling. P. 

II. p. 98. 

Mercury (the Planet) its 
Diameter, Diftance from 
the Sun, and Periodical 
Time. P IV. p. 14. in the 
Notes. 

TheExcentricity of its Or- 
bit. P. IV. p. 18. in the 
Nates. 

The Inclination of its Or* 
bit to the Plane of the E- 
cliptic. P. IV. p. 18. in 
the Notes. 

Its apparent Motion ac- 
counted for. P. IV. p. 58. 
Its greateft Elongation. P.' 
IV. p. 65. 

Meridian, what. P. IV. 
p. 131. 

Meridian Line, to find it 
partly by the Help of the 
Globe. P. IV. p. 177. 

Microscopes, a modern In- 
vention. P. III. p. 169. 
Their Defcription and Pro- 
portion of magnifying. P. 

III. p. 171. 
Mid-Heaven, what. P. IV. 

p. 140. 

Milky Way, what. P. IV. 
p. 28. 

Momentum, the Meaning 
of it explained. P. I. p. 49. 

Monsoons, accounted for. 
P. II. p. 126. 

Months periodical and fyno- 
dical, what. P. IV. p. 74. 
and p. 1 85. other Sorts of 
them. P. IV. p. 185. 

Moon, feveral Opinions con- 
cerning the horizontal 

Moon, 
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Moon confider'd. P. III. p. 
86—96, 

Sometimes occafions the 
Appearance of a Rainbow. 
P. III. p. 209. 
Its periodical Time, and 
Rotation about its Axis; its 
Diftance from the Earth/ 
and Situation of its Axis; 
the Excentricity of its Or- 
. bit, and the Inclination 
thereof to the Plane of the 
Ecliptic. P. IV. p. 19, 
Its different Phafes or Ap- 
pearances accounted for. P. 
IV. p. 72. 

Its obfcure Hemifphere en- 
lightened by the Earth, P. 
IV. p. 74. 

Its Librations accounted for. 
P. IV. p. 81. 

The Manner of meafuring 
the Height of the Moun- 
tains therein, P. IV. p. 85. 
in the Notes. 

Its Irregularities accounted 
for. P. IV. p. 249 — 264. 

Motion, the Laws of it. P. 
I. p. 20. 

Mountains in the Moon, 
the Height of them, how 
meafured. P, IV. p. 85. in 
the Notes. 

Burning Mountains, their 
Caufe. P. II. p. 144. in 
the Notes. 

Music, the Effefts of it on 
Perfons, bit with the Ta- 
rantula. P. II. p. 55.. in 
the Notes. 

Musical Tones, wherein 



their Difference confifts. P. 
II." p. 53. 

N. 

T^TAdir, what. P. IV. p. 

138. 
Nieuwentyt, his Notion 

of the Formation and Rife 

of Vapours examined. . P. 

II. p. 132. 
Ninetieth Degree, what. 

P, IV. p. 140. 
Nodes, the Line of them, 

what. P. IV. p. 62. 

Afcending and defcending 

Nodes, what. P. IV. p. 

76. 
NuckthemE ron, what. 

P. IV. p. 182. 
Number of the Stars^ P. 

IV. p. 29. 
Nutation of the Poles, 

what. P. IV. p. 52. 
— Accounted for. P. IV. p. 

266. 

O. 

/^\Bject, why it appears 

^ ereft, when its Image 
in the Eye is inverted. P. 

Ui p. 6$. 

Why it appears firigle tho' 
viewed with both Eyes, fe- 
veral Opinions about this f 
P, III. p. 66. 
The Diftance of an Objeft 
how judged of by the Eye. 
P. III. p. 70. 
The Appearance of Ob- 
je&s feen through Media of 
E different 
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different Forms. P. Ill* 
p. 72—85. 

The Appearance of Objefts 
ieen by Light refle&ed from 
plain and (pherical Surfaces. 
r. III. p. 118—133. 
Why three or more Images 
appear when a fingle Obje& 
is viewed in a common 
Lopking Glafe. P. IIJ. p. 
120. in the Notes. 

Oblique Afcenfion, what. 
P. IV. p. 143. 

— Forces, their Effe£k P. I. 

P-55- 
— Planes, the Defijpt %t Bo- 
dies on them cojtfd^r'd. P. 

I. p. 28. "•"**._ 

1— Sphere, what. P. IV. p. 
142. 

Obscura Camera de- 
fcribed. P. III. p. 210. 

Occultation of Jupiter's 
and Saturn's Satellites. P. 
IV. p. 93. 

Circles of perpetual Occul- 
tation, what. P. IV. " p. 

Octave Tone, the Nature 
of it, P. II. p. 54. 

Opacity, the Caufe of it. 
P. III. p. 154. 

Optic Angle, what. P. III. 

, p. 70. 

— Nerve, what. P. IIL p. 

55- „ 

Optics, in what the Science 

of it conlifts. P. III. p. 3. 

Orbit, the Plane of it, 

what. P. IV. p. 12. in 

tbefcotes. 

The Inclination of the Or- 



bit of each primary Planet 
to the Plane of the Ecliptic, 
P. IV. p. 18. in the Notes^ 
The Inclination and Excen- 
tricity of the Moon's Or- 
bit. P. IV. p. 19. in the 
Notes. 

The Form and Inclination 
of the Orbits of the Co- 
mets. P. IV. p. 22. 
The Inclination of the Or- 
bits of Jupite r's and Saturn's 
Satellites. P. IV. p. 21. in 
the Notes. 

OrAgin of the Winds, ac- 
counted for. P. II. p. 116. 

Orrery, its Defcription 
and Ufe. P. IV. p. 147. 

Oscillation, its Center, 
what. P. I. p. 33. 
The Center of it determin'd, 
Appendix to Part L 



P 



P. 



Aral^ax, the Earth's 
annual Parallax, what. 
P. IV. p. 52. 
The Parallax of the Semi- 
diameter of the Earth's Or- 
bit, what. P. IV. p. 70. 
The Method of finding the 
Diftance of the Planets from 
the Sun by this Parallax. 
P IV. p. 70. in the Notes. 
The Method of determin- 
ing this Parallax from the 
Eclipfes of Jupiter's Satel- 
lites. P. IV. p. 96. in the 
Notes. 
—Of the heavenly Bodies ex* 
plained. P. IV. p. 113. 

Parallactic 



I N D 

Parallactic Angle, what. 

P. IV. p. 1 14. 

TheMethod of determining 

the Diftance of a Planet 

from the Earth thereby. P. 

IV; p. 1 15* in the Notes. 
Parallel Circle, what. 

P. IV. p. 125. 
— Sphere, what. P. IV. p. 

142. 
Parallels and Climates, 

what. P. IV. p. 144. 
Parallels of Latitude, 

what. P. IV. p. 128. i 
Passiveness, a Property of 

Body. P. IV. p. 7. 
Pendulums, their Theory. 

Their Vibration in a Cy- 
cloid. Appendix to Part I. 
Penumbra, what. P. IV. 

p. 91. 
Percussion* the Center of 

it, determined. Appendix 

to Part I. 
Perigeon, what; P; IV. 

P. 49* 

PBRIHELlbN, What. P. IV. 

p. 48. 
Pe r iod, vidorian, what. P. 
IV. p. 199. in the Notes. 
Julian, what. P. IV. p. 

. *99- 

Per iod i c a l Month, what. 

P. IV. p. 74. 

— Time of the Moon, and of 
Jupiter's and Saturn's Sa- 
tellites. P. IV. p. 19, 

Ferioeci; what. P. IV. 

P- x 37- 
Pe&iscij, what/ P. IV. p. 

136- 



* 

Perpetual Motion, the 

Impoffibility of it. P. I. 

p. 74. 
— Apparition, Circle of it. P. 

IV\ p. 144. 
— Occupation, Circle of it; 

p. IV, p. 144. 
Phases of the inferior Planets, 

explained. P. IV. p. i>2. 
—Of the Moon. P. IV. p. 

72. 
PftY6iCAL Caufe of the Mo- 
tion of the heavenly Bodies. 

P. IV. p. 203 — 274. 
Plane of an Orbit; what. 

P. IV. p. 12. in the Notes; 
Planets, the Poffibility of 

their Motions. P. IV. p. 

4 — 10. 

A Table of the Diameters, 
DHhnces from the Sun, pe- 
riodical Times and Rota- 
tiohs of the primary Planeti 
about their Axes. P. IV* 
p. 14* in the Notes. 
Their apparent Revolution 
in 24 Hours accounted for; / 
P. IV. p. 33. 
The physical Caufe of their 
Motions. P. IV. p. 203 — 
274. 

The Figures they affumfe by 
revolving about their Axes, 
P. IV. p. 274. 
Pneumatics^ \yhat. P. II. 

P- 35- , 

Poetical Rifing and Setting 

of the Stars. P* IV. p. 145.* 
Po 1 n t s of the Compafs, what . 

P. IV. p. 139. 

Cardinal Points, what. P. 

IV. p. 139. i 

£2 Pot**. 
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Polar Circles, what. P. IV. 
p. 134. 

Pole, the Elevation of it, 
what. P. IV. p. 140. 

Poles of a Circle, what. P. 
IV. p. 126. 

— Of the Earth, what. P. 
IV. p. 130. 

—-Of the Earth, their Nuta- 
tion, what. P. IV. p. 53. 
its Solution. P. IV. p. 266. 

— Of the Ecliptic, what. P. 
IV. p. 127. 

— Of the Heavens, what. P. 
IV. p. 130. 

Portable Barometer, de- 
fcribed. P. II. p. 113. 

Precession of the Equinoc- 
tial Points, what. P. IV. 
p. 52. 

Their Solution. P. IV. p. 
265. 

Pressure of Fluids, confi- 
der'd. P. II. p. 7 — 27. 

Primj* Vertical, what. P. 
IV. p. 139. 

Principles of Natural Phi- 
lofophy. Preface % p r q.. 
The Connexion between 
_ them and the chief Pheno- 
mena of Natural Philofophy . 
Preface \ p. 10 — 38. 
Their Proof and Laws of 
A£tion. P. I. p. 12—19. 
Demonftrated to be no me- 
chanical Caufes. Preface. 
Note b. 

— Of Chronolgy. P. IV. p. 
178 — 202. 

Problems on the Globes. 
P. IV. p. 161— 178. 



Projectiles, their Theory. 

P. I. p. 55. 
Properties of Body. P; 

I. p. 7. 
Prosthaphjeresis of a 

Planet, what. P. IV. p. 

49. 
Ptolemaic Syftem, de- 

fcribed, P. IV. p. 13. in 

the Notes. 
Pulley, its Properties. P. 

I. p. 64. 

PULVIS FULMINANS, its 

Compofition and Effefts. 
P. II. p. 145. in the NoteSi 

Pump, capable of raifing Wa- 
ter from any Depth. P. II.. 
p. 84. 

Pyrites, thought by Dr. 
Lifter to be the Occafion of 
Thunder,Lightning,Earth-2 
quakes and Volcano's. P. II. 
p. 145. in the Notes. 

Q. 

* 

QUADRANT of Altitude, 
^what. P. IV. p. 159. 
Qualifications in Bodies 
which difpofe them to reflefl 
Rays cf different Colours. 
P, III. p. 147—154. 

R. 

RAin, the Caufes ufiialty 
affign'd for it. P. II. p. 
138. 
Rays. See Light. 
Reaction, its Equality to 
A&ion, fhewn. P. I. p. 
'22. 

RlClPHOCATtO N 
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Reciprocation of Spring, 

accounted for. P. II. p. 81. 

in the Notes. 
• Reflection of Light. See 

Light^ 
Refraction of Light. See 

Light, 
Refraction of the Atmof- 

phere. See Atmofphere. 
Refrangibility of Light. 

See Light. 
Repulsion, defined. P. I. 

p. 1 8. the Proof of it. P. 

JII. p.i6l. in the Notes. 

Not a mechanical Caufe. 

Preface. Noteb. 
Resistance of Fluids. P. 

II. p. 41. 
Revolving Bodies defcribe 

equal Areas in equal Times, 

demonftrated. P. I. p. 46. 
Right Afcenfion of a Star. 

what. P. IV. p. 143. 
— Sphere, what. P. IV. p. 

141. 
Ring of Saturn, its Form, 

and Inclination. P. IV. p. 

21. 

Its Appearance. P. IV. p. 

97- 

Its Anfae, P. IV. p. 98. 

Dr. Rook, his Wheel Baro- 
meter defer i bed. P. II. p. 
102. 

Rotation of the Sun, and 
primary Planets about their 
Axes. P. IV. p. 14. 

— Of the Moon about its 
Axis. P. IV: p. 19. 

kuMi Lines, what. P. IV. 
p. 160. 



S. 



CATELLiTEsofy«p*V'rand 
Saturn, See Jupiter and 
Saturn. 

Saturn, its Diameter; Dif- 
tance from the Sun; and 
periodical Time. P. IV. 
p. 14. in the Notes. 
The Excentricity of its Or- 
bit ; and the Inclination of 
the Plane of its Orbit to 
the Ecliptic. P. IV. p. 
18. in the Notes. 
The Form and Inclination 
of its Ring, and the Incli- 
nation of the Orbits of it» 
Satellites. P. IV. p. 21. 
Its apparent Motion ac- 
counted for. P. IV. p. 66. 
The Method of determin- 
ing its Diftance. P. IV. 
p. 70. in the Notes. 
The Appearance of its Ring. 
P. IV. p. 97. 
The periodical Times and 
Diftances of its Satellites. 
P. IV. p. 19. in the Notes. 
The apparent Motions, E- 
clipfes and Occupations of 
its Satellites, accounted for. 
P. IV. p. 93 . 

Scale of Variation in the 
Barometer, infinite. P. II. 
p. 105 and no. 

Screw, its Properties. P. 
p. 66, 

Sea, its Ebbing and Flowing 
accounted for. P. IV. p. 
266. 

■ 

Season's 
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Seasons of the Year, ac- 
counted for. P. IV. p. 37. 
•—Accounted for another way. 

P. IV. p. 44. in the Notes. 
Secondaries of a Circle, 

what. P. IV. p. 126. 
— Of the Ecliptic, what. P. 

IV. p. 127. 
Secondary Planets. See 

Moon, and Satellites. 
SEMiTYCHOKicSyftem, de- 

fcribed. P. IV. p. $3. in 

the Notes. * 
Signs of the Ecliptic, what. 

P. IV. p. 128. 
Shortsightedness, the 

Occafion of it. P. Ill, p. 

64. 
Sky, its Nature. P. IV. p. 

9. 
Snow, theCaufe ufually af* 

fign'd for it. P. II. p. 1 40. 
Solar Syftem, defcribed. P. 

IV. p. 11 — 24. 
Solidity, a Property of 

Body. P. I. p. 7. 
Solstitial Colure. P. IV. 



p. 46. and 1 3 
■Poir 

*33 
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— Points. P. IV. p. 46, and 



SoutfD, hbw commifnicated 
to the Ear. P. II. p. 47. 
Its Velocity, how comput- 
ed. P. II. p. 51. in the 
Notes. 

Speaking Trumpet, the 
Natureofit. P. II. p. 52. 

Specific Gravity, what. 
P. II. p. 27. 

Sphere, the Do&rine of it. 
P. IV. p. 125. 
Qblique Sphere. P, IV. p, 



141— 142. 

Parallel Sphere. P. XV. p* 

141 — 142. 

kight Sphere. P. IV. p; 

141 — 142. 

Spots of the Sun and Planets/ 
the Motion of the Sun and 
Planets round their 'Axes 
determined by them. P. 
IV. p. 17. 

Springs. See Fountains. 

Stars, fixed ; why fo call'd ; 
why they appear larger to 
the naked Eye than with a 
Telefcope. P. IV. p. 25. 
Their Diftributiun into 
Claffes. P. IV. p. 26. 
Of numbring and regillring 
them. P. IV. p. 29. 
Old ones van id, and new 
ones appear. P. IV. p. 31. 
Sir Ifaac Newton's Conjec- 
ture about this ; the fixed 
Stars thought to be fo many 
Suns. P. IV. p. 32. 
Their Diftance, and the* 
Method of computing it. 
P. IV. p. 53. 

The Longitude and Lati- 
tude of a Star, what. P. 
IV. p. 127. 

Their Altitude, Depreffion* 
Culmination, Azimuth and 
Amplitude. P. IV. p. 139 
— 140. 

Their Right Afcenfion., 
what. P. TV. p. 14J. 

Stile, old aiui mw^ what*" 
P. IV. p. ieji. 

Sum ma Apfis r what. P. IV. 
p. 48. 

Sun,' 
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Sum, its Diameter, Diftance 
from the Earth, and Time 
of its Rotation about its 
Axis. P. IV. p. 14. in 
the Notes. 

The Inclination of its Axis 
to the Plane of the Ecliptic. 
P. IV. p. ib. in the Notes. 
Its apparent Motion ac- 
counted for. P. IV. p. 

35- 

Farther from us in Summer, 

than in Winter ; the Oc- 

cafion of this. P. IV. p. 

49. 
Superior Conjunction, 

what. P. IV. p. 58. 
Surfaces, refletfting and re- 

frading. See Light. 
Swimming, folved. P. IV. 

p. 29. 
Eykodipal Month, what. 

P. IV. p. 74. 
System, the Copernican, 

Ptolemaic, Tycbonic, and 

Semitycbonic defcribed. P, 

IV. p. 12 — 13. 

The Coperntcan defended. 

P. IV. p. 22. in the Notes. 

T. 

TpAiLS of the Comets, Sir 
* Ifaac Newton^ Opinion 
of them examined ; with a 
Conjefture of the Author's 
concerning them. P. IV. 
p. 102. 
Telescopes, a modern In- 
vention. P. III. p. 169. 
Reflecting Telefcope in- 
Tented by Sir Ifaac Newton. 



P. III. p. 171. 
A Defcrjption of the feve- 
ral Sorts of them, and their 
magnifying Powers. P. III. 
p. 176 — 188. 
Temperate Zone, what. 

P. IV. p. 136. 

Tendency of heavy Bodies, 
not towards the Center of 
the Earth, except at the 
Equator and the Poles/ P. 
IV. p. 281. 

Thunder and Lightning, 
the Caufe of it ; theEffe£b 
of it not to be afcribed to 
Thunder Bolts ; the Man- 
ner of eftimating the Dif- 
tance of it f P. II. p. 143 
—147. 

Tides, accounted for. P. 
IV. p. 266. 

Time, the Equation of it, 
what ; true and apparent, 
what. P, IV. p. 178 — 
181, 

TheDivifionofit. P.JV. 
p. 181 — 202. 

TorricElli, his Invention 
of the Barometer. P. II. 
p. 85. 

Torrid Zone, what. P. 

Trade Winds, accounted 

for. P. II. p. 126, 
Transparency, the Caufe 

of it. P. Ill, p. 154. 
Tropic Circles, what. P. 

IV. p. 134. 
—Of Cancer, what. P. IV. 

P. 135- 

—Of Capricorn, what. P. 

IV - P- *35- 

Twilight, 
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Twilight, the Caufe of it. 
P. IV, p. 121. 
The Duration of it, various. 
P. IV. p. 1 23. 
That the Height of the At- 
mofphere may be determin- 
ed by it, an erroneous No- 
tion. P. IV. p. 121. in 
the Notes* 

Tychonic Syftem defer! bed. 
P. IV. p. 13. in the Notes. 

V. 

^Acuum, what. P. I. p. 
* 10. 
Th* Exiftence. of it denied 
by the Carteftans. P. 1. 
p. 10. 

Its Exiftence proved. P. I. 
p. 11. 

Vapours, their Formation 
and Afcent not fufficiently 
accounted for, the Carte- 
Jian Notion of them, con- 
futed ; Nieuwentyi** Notion 
of them, confuted. P. II. 
p. 130. 

The moft generally receiv'd 
Opinion of them, confuted. 
P. II. p. 132. 
Dr. Defaguliers's Opinion 
examined. P. II. p. 133. 
The Caufcs ufuallv ailign'd 
for their falling in Rain, 
Snow and Hail. P. II. p. 
138. 

Variation, Line of it, 
what. P. IV. p. 161. 

Velocity of Light, how 
computed. P. ill, p. 6. 



and P. IV. p. 96. in the 

Notes. 

Venus, its Diameter; Dif- 
tance from the Sun ; perio- 
dical Time ; Rotation about 
its Axis ; Inclination of its 
Axis to the Plane of the 
Ecliptic ; the Excentricity 
of its Orbit ; and the Incli- 
nation of its Orbit to the 
Plane of the Ecliptic. P. 
IV. p. 14 — 18. in the 
Notes. 

Its apparent Motion ac- 
counted for ; its inferior 
and fuperior Conjunction, 
what; why fomotimes our 
Morning, fometimes our 
Evening Star; its greateft 
Elongation; the Method of 
determining its Di (lance 
from the Sun. P. IV. p. 
58—59. 

Its Phafes explained. P.IV. 
p. 62. 

Vertical Circles, what; 
prime Vertical, what. P. 
IV. p. 138—139. 

Vesuvius, the Caufe of its 
vomiting Flames. P. II. 
p. 144. in the Notes. 

Victorian Period, what. 
P. IV. p. 199. in the Notes* 

Vision, theNatureof it ex- 
plained. P. III. p. 56. 
Diftinguifhed into bright 
and obfeure, diftinfl and 
confufed. P. III. p. 62. 

Unizon Tone, the Nature 
of it. P. II. p. 54. 

Vulcano's, their Caufe. P. 
II. p. 144. i» the Notes. 
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w. 

T^ffAnis, his Opinion of 
7 * the Caufe of the Ho- 
rizontal Moon. P. III. p. 

93- 
WeatheA-GL ass. Ste- 

Barometer. 
Wedge, its. Properties. P. 

I. p. 67. 

The Mifbkes of .feme Phi- 
lofopheis about itr P. L 

P-7 1 - 

Wheel and Atffs, ■'■ its Pro- 
perties* P. I. p. 63. 

—Barometer, * defcrlEed. P. 

II. p. 102. 
Whiteness, aCompofition 

of other. Colours. -i\ HI. 

v P- *43- 
Whispering' Gallery, the 

Nature of it. P. II. p. 5 3. 
in the Notes: 
Winds, their Origin ac- 
counted for ; Trade Winds 
and Monfoons accounted 
fori P II. p. 126.* 
Their Variablenefs beyond 
the Limits of the Trade 
Winds, accounted for. P. 



II. p. 116— 126. 

Dr. Hallefs Hiftory of 

them. P. II. p. 116 — 122. 

in the Notes. 

Y 



^EaRj the Scafons of it ac- 

* counted for. P. IV. p. 37 

—45-.. 

Annus, magnusy or the great 

Year, what. P. IV. p. 

• 57- - 

The different Sorts of it. 
P. IV. p. 187. 
Leap Year, why fo called. 
P. IVV p. 190. '^ 

y z. ' . 

^Enith, what. P. IV. 

** p. 138. 

Zodiac, what; the twelve 

Signs * thereof. P. IV. p. 

2& and 128. 
Zone, what. P. IV. p. 135. 
—Frigid, what. P. IV. 136. 
— Temperate, what. P. IV. 

p. 136. 
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